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PREFACE TO THE BILLITON ISSUE OF GEOLOGIE EN MIJNBOUW 


We are very glad the Billiton Company has given us the opportunity to publish some 
of its achievements contained in the assembled articles of this special issue of Geologie 
& Mijnbouw. 

Some of the principal scenes of activity of the Billiton Company have received 
attention by one or more papers: In the first place the tin placer of the Indonesian 
islands Billiton and Singkep further the tin pegmatite of Kamativi in Africa, the car- 
bonatite with pyrochlore of Mbeya in Central Africa, the bauxite of Surinam, their ex- 
ploration in Canada and in Port. Guinea. 

Together they range from papers on exploration methods to geological and mine- 
ralogical results, and to exploitation and ore dressing and thus give ns an interesting 
birds-eye view on the diversity of study and action of a Mining Company. 

We want to offer our most heartly felt thanks to the authors for the effort they 
have made to present us with such a varied and interesting text on their company's 
activity. We are particularly glad for this assemblage of papers, because it proves so 
well how fruitful the collaboration of geologists and mining engineers can be and how 
wise we are to keep together in one association. 

(U We want to offer to the Billiton Company our congratulations with their centenary 
and to express our confidence that with such a staff of experts the future of the Com- 
pany looks bright. 


De voorzitter van de Redactiecommissie 
L. U. de Sitter. 


Bestuur van het Genootschap: (General Council) 
Prof. Ir. H. J. DE WIJS,_Voorzitter. 
Ir. J. H. BELTMAN, Secretaris, Paviljoensgracht 72, 's-Gravenhage, Tel. 514441 (na 17.00 uur: 180301). 
Dr. J. J. DOZY. — Dr. A. A. THIADENS. 
Ir. H. K. HYLKEMA, Penningmeester, Godetiaweg 80, ’s-Gravenhage 


Uitgever „Geologie en Mijnbouw”: (Publisher „Geologie en Mijnbouw”) 
N.V. DRUKKERIJ LEVISSON, Hofwijckstraat 9, Tel. 111875, ’s-Gravenhage. 
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PREFACE 


When invited by the Managing Board of the 
Billiton Company to prepare a publication on 
the above subject for "Geologie en Mijnbouw”, I 
felt some hesitation as to whether I could acquit 
myself of this task in a satisfactory way. For, as 
a matter of fact, a very large part of the obser- 
vational and documentary material collected by 
me and my staff during long years of mostly 
minute investigations of the Billiton tin-ore 
lodes, was lost as a result of the chaotic situation 
that existed all over the former Dutch East 
Indies under the Japanese occupation in World 
War II and for years afterwards. 

Cases and trunks full of ore-samples, col- 
lections of thin sildes and of polished sections, 
field-notes and -sketches, microphotographs with 
annotations etc., which before the Japanese in- 
“vasion had been transferred from Billiton to 
Bandung in Java for further elaboration, could 
not be recovered after the war. What remained 
of the original wealth of observational material 
were the geological maps, a private collection of 
thin sections made by Voigt and Hochgesang in 
Göttingen and a compilation by Dr. van Tonge- 
ren of the monthly geological reports on the lode 

area of the Klappa Kampit mine, since these had 
been sent to Holland before the world war 
"broke out. Unfortunalety, however, the monthly 
reports deal almost exclusively with the results 


(of the tectonic part of the geological investi-, 


k 


'1 Former Chief Geologist, Billiton Company. 


gations, only these being of immediate im- 
portance for mining. The most regrettable, and 
the main reason for my hesitation to prepare the 
desired publication, was the loss of the whole 
collection of polished sections with their ac- 
companying annoted microphotographs and list 
of localities. 

It is hardly necessary to say that as a con- 
sequence of this loss, I was also deprived of the 
possibility to give a detailed description of the 
various sulfide mineral associations with the aid 
of explanatory microphotographs, just the most 
interesting part of the geology of the Billiton 
tin-ore lodes. The interested reader would like 
myself feel this as a serious deficiency. When 
nevertheless I have found the courage after all 
to write the present, necessarily incomplete, 
report on the outcome of our investigations it is 
because several of the observations mentioned in 
it will be sufficiently appreciated as contributions 
to our knowledge of tin-ore geology, the more 
so as most of them were made in the solid rock 
unaffected by weathering, found solely in the 
mine workings below sea-level, which since the 
Japanese occupation have become inaccessible 
through inundation. The chance that the deepest 
Klappa Kampit mine, whose lowest, ninth, level 
is nearly 300 metres below sea-level, will ever be 
re-opened is very small indeed. This is especially 
regrettable because the Jowest level is still in the 
sedimentary formation and contains minable ore. 

Here follow the names of the geologists and 
mining engineers whose detailed geological ob- 
servations provided the basis of the present 
report, and the times during which their obser- 
vations were made: 

Dr. J. W. H. Adam, Geol. and Min. Eng., from 
1925 to 1940 with many interruptions of 1 to 2 
months for investigations outside Billiton (Rhio 
Archipelago, Lingga, Singkep, Central and North 
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Sumatra, Siam, Pahang, Bangka, South Bantam 
and Lelebes). 

Ir. A. E. Speijer, Min. Eng. 1927-1928. 

N. C. Chung, Min. Eng. 1930-1931. 

Dr. P. M. Roggeveen, Geol. 1930-1931 with an 


interruption for investigations on Karimun 
Island. 

Ir. T. T. Bartels, Min. Eng. 1935-1938 and 
1940-1942 


Dr. W. van Tongeren, Geol. 1938-1941 
Dr. G. L. Krol, Geol. since 1939 


This enumeration of my collaborators in the 
lode explorations would, however, be incomplete 
without the name of my loyal assistent Bustami, 
an intelligent young Billitonese who accompanied 
me on all my investigations both on the surface 
and underground, and whom I managed to teach, 
apart from surveying and mapping, so much of 
practical geology that during my absences from 
the island he was able to continue independently 
the regular geological supervision of the working 
faces in the Klappa Kampit mine, and report to 
me on my return about the facts and features he 
had observed in the various places. His most 
valuable characteristics were complete reliability 
and a keen eye for quick recognition of the 
various kinds of rock in the poorly lit mine 
workings. He was able, for instance, in visiting 
newly-driven galleries, to point out immediately, 
without hesitation, even the tiniest streak of 
radiolarite, a rock which is often not so easily 
recognized. Since in the Klappa Kampit mine 
radiolarite was a useful key-bed for finding the 
main lode, Bustami was frequently consulted by 
the mine captains about the occurrence of radio- 
larite. He died, as also Dr. Roggeveen, during 
the Japanese occupation which brought so much 
disaster to all of us. 

As implied by its title, this article cannot be 
expected to deal with the tin-ore deposits found 
in the granite. We had no instructions to in- 
vestigate these deposits, which were not considered 
of great economic importance, while besides they 
already had been ably and thoroughly investigated 
by the mining engineer Ch. Th. Groothoff, who 
was employed by the Billiton Company as a 
mining geologist from 1911 to 1917. 

Groothoff published the results of his in- 
vestigations in 1916 in his well-wrought thesis: 
"De primaire tinertsafzettingen van Billiton” 
(The primary tin-ore deposits of Billiton). In a 
separate chapter ‚of this work Grocthoff gave 
general descriptions of the mineralizations of 
the main lodes in the sedimentary formation 
(Garoemedang, Klappa Kampit and Seloemar). 
which I found of validity also for the greater 
depths reached after his time. It is a pity that 


Groothoff’s booklet which contains in a concised 
form everything worth knowing about the geology 
of the primary tin-ore deposits of Billiton has 
not become more widely known, for instance 
never was translated into English. 

For the mining history of Billiton I may refer 
to J. C. Mollema’s booklet: ”De ontwikkeling 
van het eiland Billiton en van de Billiton Maat- 
schappij” (The development of Billiton island 
and the Billiton Company). 


INTRODUCTION 


The island of Billiton lies in the shallow part 
of the Java Sea about midway between the south 
coast of Sumatra and the southwestern point of 
Borneo. It is roughly square in shape with a 
length of 55 miles from east to west and a width 
of 43 miles from north to south. Its land area 
amounts to almost exactly 1800 square miles. As 
will be shown later, only about half of this area 
can be said to be occupied by its "primary tin- 
field”, by which term may be understood that 
part of a tinfield within which the main primary 
deposition of tin-ore took place. According to 
Collins (1912) the well-known old tin mining 
region of Cornwall between the Dartmoor granite 
and Land’s End is 90 miles long and has an 


Fig. 1 — The tin-belt from Burma to. Billiton. 


average width of 12 miles. The primary tinfields 
of Billiton and of Cornwall thus appear to be of 
the same order of magnitude. But Billiton’s 
tinfield is not an isolated occurrence of tin-ore 
mineralization: it is only a part of a far more 
extensive, more or less continuous tin-ore zone 
which stretches from Burma (or possibly Yun 
Nan) through southern Siam, Malaya, the Rhio 
Archipelago, Singkep, Bangka and Billiton to 
some unknown location under the Java Sea east 
of Billiton. All along this astonishing length, 
which may be compared with the distance 
between Cornwall and the Black Sea, the depo- 
sition of tin-ore in the earth’s crust is generally 
believed to have occurred contemporaneously (in 
a geological sense) most probably in the 
Cretaceous period, say about 140 million years 
ago. 

It is not possible to give a definite statement 
as to the width of the primary tin-belt because 
we do not yet know all the deposits which must 
be considered to belong to it. Without doubt 
many of the deposits outcropping at the present 
surface are still to be discovered. Further there 
may be many lodes that have no outcrop because 
they pinch out under the present surface as could 
be proved by some examples in the underground 
mine of Klappa Kampit. What do we know of 
the possibilities under the sea floor? 

Further there is of course every likelihood that 
above the present exposures of granite primary 
tin-ore deposits have existed now already removed 

"by denudation. It is usual to represent the tin- 
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Fig. 2 — Photograph of a relief map of Billiton showing the 


advanced stage of peneplanation of the island. 


belt from Burma to Billiton on a map by a 
strip of varying width along the thick line on 
the subjoined sketch-map (fig. 1). It is within 
this strip that the great majority of the productive 
tinmines are situated. Only the Pahang mines 
near the eastern coast of Malaya, small workings 
in S.E. Johore and a workable small detrital 
deposit on the island of Bintan fall outside it. 
If further it can be proved that the zone of low- 
grade tin-fields which occur in the eastern part 
of Sumatra (Bangkinan, Siak) are of the same 
age as the Burma-Billiton belt, there is reason 


Fig. 3 — The shallow part of Java- and China-sea (stippled area) which was dry land in Pleistocene time 


according to Molengraaf. 
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Fig. 4 — Microphotographs of radiolarite from mining 
field of Klappa Kampit. Magnif. 22 x. 


to assume also a genetic relation between these 
two zones, comparable with the genetic relation 
which is believed to exist between the tinbelt of 
Cornwall and the tin-ore occurrences of Brittany 
in France, which are of Permo-Carboniferous 
age. The French saying "l'histoire se repete” is 
even more applicable to the history of the earth 
than to that of mankind. 


THE SOLID GEOLOGY OF BILLITON 


The subjoined map in fig. 6 shows the geo- 
logical conformation of the island in its main 
features. The area on the map in which the 
curved lines are drawn represents a sedimentary 
formation of permocarboniferous age and the 
black areas in it the outcrops of granitic rocks 
which have penetrated this sedimentary formation 
from below in probably post-triassic mesozoic 
time. The sedimentary formation consists of 
more or less highly inclined alternating beds of 
sandstone and clay-slate with occasional bands of 
radiolarite and, at the northernmost point of the 
island, one interbedded lava-flow of diabase (D 
on the map). The curved lines for the sedi- 
mentary formation were drawn so as to have 
everywhere the mean direction of the strike of 
the beds. The direction and the amount of their 
dip have been added in the usual manner where 
they have been measured, but here the remark 
must be made that in several places there is 
some fluctuation in the amount of the dip within 
comparatively short distances. Calcareous rocks 
have never yet been observed on the island itself, 
but the existence under sea of fusuline-bearing 
limestone along and near the north-coast of the 
island has recently been proved by tin-dredging 
operations and by borings for prospecting 
purposes (L on the map). 

The sedimentary formation of Billiton presents 


Fig. 5 — Microphotographs of radiolarite from mining 
field of Klappa Kampit. 


a remarkable uniformity in lithological character 
all over the island. The sandstone which is its 
predominant rock, is everywhere fine-grained; 
grits and conglomerates are completely absent 
in it and even sandstones with a grain-size of 
barley grains are so extremely rare that they 
have been found as yet only at one place in small 
lenticular beds between fine-grained sandstones, 
There can be no doubt that every. portion of 
Billiton’s sedimentary formation belongs to the 
same facies of deposition, namely the "shallow 
water marine facies”, in which ’shallow’ denotes 
less than about 100 fathom, and ’marine’ distant 
from the coast-line to exclude littoral deposits. 
The integral grains of the sandstones of Bil- 
liton are practically only quartz, but many 
sandstones were found to contain besides quartz 
occasional fragments of fresh microcline, easily 
recognizable by its ”microcline structure”. In the 
hope that the microcline-bearing sandstones 
might perhaps be confined to definite horizons 
of the sedimentary formation and would, in that 
case, be useful as keybeds in the Klappa Kampit 
mine, several sandstone beds were tested for 
their microcline content. This investigation had 
a negative result as it led to the conclusion that 
the microclinebearing sandstones were of more 
common occurrence than we had expected. 
The cementing material of the sandstones is 
always only clay and generally in so small an 
amount that the unweathered sandstones look 
white or greyish white and outwardly resemble 
quartzites. As the clayslates are mostly dark and 
fissile there is generally a well-marked contrast 
in appearance between the two main rocks of the 
sedimentary formation. The planes of junction 
between them are in most cases rather sharp, 
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probably a consequence of abrupt changes in the 
conditions of deposit. 


Although both the sandstones and the clay- 


 slates are hard rocks when they were fresh 


(hardened by pressure and cementation) they 
appear to have no great power to resist 
weathering. Weathering rapidly converts the clay 
shales to soft clay and the sandstones first to 
loosely consolidater sandstones and ultimately to 
loose quartz-sand. 

Before the surface of Billiton had reached its 
present advanced peneplain stage the denudation 
over the sedimentary formation must have been 
as rapid as this weathering, because the heavy 
rains during the wet seasons could easily wash 
the clay and the loose fine sand to lower levels. 
During the peneplain stage, however, the clay 
reacquired hardness at and near the surface by 
its conversion into compact or concretionary 
bauxite so that the loose material on the surface 
changed so as to consist essentially of pieces and 
concretions of bauxite and loose fine sand. A 
part of the sand from the sandstones became 
cemented in the bauxite. Areas with such loose 
material are called ”krikil” fields in Billiton, as 
’krikil’ is the Billitonese name for bauxite 
concretions. The zone of transition from bedrock 


to krikil-field has a curious structure, which will 


be described and discussed in a later article. 


It is desirable to remind the reader of the 
following rules regarding the persistence of 
sedimentary rocks. All sedimentary rocks are 
lenticular accumulations. They must thin out and 
disappear. The coarser the grain, the more local 
the extent of a sedimentary rock. Shales are the 
most persistent rocks. The mining field of Klap- 


pa Kampit supplies many illustrations of these 


rules. The richest part of the Yen Salu-lode is 
in a shale bed which with a thickness of not 
ınore than two or three inches is traceable for 
about half a mile on different levels. The so- 
called ”mid-sandstone” is about 1500 feet thick 
at the place where a cross-cut has been driven 
through it, but not far to the east to the west it 
is already found to alternate more and more with 


 shales. 


It cannot be inferred from the observations 


made on the surface and in the underground 


mine workings that the steep inclinations of the 


. sedimentary formation must have been caused by 
- folding. Anticlines or synclines have never been 


observed. Structural terraces are the only foldings 


that. very occasionally could be found in the 
- Klappa Kampit mine. A structural terrace is a 


change in the amount of dip from steep to 


 gentle and back again to steep. I have recently 
- been told that, after my last visit to Billiton in 
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1947, a westward pitching anticline had been 
tecognized near the westcoast (A on the map in 
fig. 6) on an aerial photograph made by the U.S. 
Airforce after the war. Provisionally an isoclinal 
folding may be assumed for the whole island. 

As fractures and faults play their prominent 
part in mine geology it will be most convenient 
to treat them in combination with our description 
of the ore deposits. 

The many outcrops of granitic rocks on the 
island distinctly show their cross-cutting relations 
to the sedimentary formation. This is typical for 
batholiths. We also see that some of the larger 
outcrops are elongated approximately parallel to 
the general strike of the sedimentary beds. An 
exhaustive petrological investigation of the 
different granitic outcrops has been carried out 
by Aleva during the years 1950 to 1953. 

As the very interesting results of this in- 
vestigation are to be published in this issue of 
"Geologie en Mijnbouw” the reader may be 
referred to this publication for all details re- 
garding the compositions of the granitic rocks 
of Billiton. 

As shown by Aleva, the granitic rocks of the 
different outcrops are not all of the same type; 
nevertheless my personal opinion is that they all 
belong to one great batholith underlying the 
whole sedimentary formation. I believe the 
different granite-varieties to be small scale 
differentiations caused by the assimilation of 
different country-rocks or Lacroix’s "facies de 
variation”. According to Turner & Verhoogen 
(1951, p. 269): ”most ’granitic’ batholiths that 
have been mapped in detail prove to be 
heterogeneous”. 


Fig. 6 — The solid geology of Billiton. 
Curved lines: sedimentary formation of Permo-carbo- 
niferous age. Black: Granite outcrops. 
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Fig. 7 — Occurrences of tin-ore lodes in the sedimentary formation of Billiton. 


THE TIN-ORE LODES IN THE SEDIMENTARY 
FORMATION 


Fig. 7 is a general map of the principal 
occurrences of tin-ore lodes which up to the 
present time have become known in the sedi- 
mentary formation of Billiton. The expression 
"occurrence of tin-ore lodes” here means a group 
ci tin-ore lodes which lie sufficiently close 
together so that they can be worked in one mine. 
The experience thus far has been that in each 
group there is in general one lode of con- 
spicuously greater thickness than the other lodes 
of the group. The former may be called the "main 
lode”, the latter the "satellite lodes” of the group. 
The main lode need not be the most productive 
lode of the group, it is only wider and its 
outcrop more easily detected. An instructive 
instance of a poor main lode is the Seloemar- 
lode which is from 3 to more than 12 feet wide 
but contains, when calculated per unit area of 
the lode plane, considerably less tin-ore than f.i. 
the Yen Saloe lode of Klappa Kampit where it 
has a width of only a few inches. 


Each occurrence is indicated on the map by 
the line of strike of its most important lodes. As 
the vast majority of the workable tin-ore lodes 
in the sedimentary formation are ”bed-veins” in 
clay shale the lines on the map coincide in nearly 
all cases with the local strike of the sedimentary 
formation. The only exception is the occurrence 


”Badau” where no bed-veins have as yet been 
found. 

The word ”lode” has been used in stead of 
”vein” to emphasize the fact that our deposits 
in the sedimentary formation are mainly pneu- 
matolytic replacement deposits within which 
actual fissure fillings may be present or not. I 
chose the word ”lode” because it had always 
been used in Cornwall in the practical miner’s 
sense to include the whole of the workable band 
of mineralized country, whatever may be its 
nature. | 

Many of the occurrences shown on the map 
have not been worked at all, and some only 
superficially. Underground mining has been 
applied to the occurrences of Klappa Kampit, 
Garoemedang, Seloemar and Senjoeboek. 

The last-mentioned three mines were stopped 
before the year 1931. Only the Klappa Kampit 
mine continued in full work until the Japanese 
invasion in 1942. Between 1934 and this en- 
forced end of the mine, Klappa Kampit reached‘ 
about the same production as the Pahang mine 
in Malaya which previously was reputed to be 
”the most productive underground mine of Asia”. 
This top-production amounted to about 240 tons 
of tin metal per month comparable with that of 
the Great Wheal Vor mine in Cornwall which 
for many years was the most productive tin mine 
in Cornwall with a production of 200 tons of tin 
per month. 
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Fig. 8 — Klappa Kampit Hill. View from the north. 


THE PRIMARY TIN-FIELD OF KLAPPA-KAMPIT 


Klappa Kampit is the Malay name of a residual 
hill on the Billiton peneplain. Its distance from 
the north-coast of Billiton is about 6 miles, its 


height above sea-level 171 metres or 560 feet. 


Although the meaning of "klappa kampit” is: 
”a half coconut shell turned upside down” the 
hill is roughly rather semi-ellipsoidal than semi- 
spherical in shape. The picture, fig. 8, is a view 
from the north on the length of the hill. Fig. 9 


Fig. 9 — Topographic map of Klappa Kampit Hill. 
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through Klappa Kampit Hill to 
show heights of mine-levels. 


is a copy on a reduced scale of the original 
topographic map of Klappa Kampit made by 
our mine surveyors on a scale of 1:500. All 
surveying and mapping work for Klappa Kampit 
has been based on the same coordinate net, the 
origin of which is a station mark on the summit 
of the hill. Before mean sea-level could be 
determined it was necessary to assume an 
arbitrary horizontal plane as datum level from 
which all heights were to be measured. The 
cross-section, fig. 10 drawn with exaggerated 
vertical scale, gives the heights in metres of all 
mine-levels in relation to the datum level which 
later appeared to be 33 metres above sea-level. 

All the tin-ore lodes of Klappa Kampit have 
their outcrops on the north slope of the hill. The 
northernmost which is the main-lode runs almost 
precisely along the foot of the hill. As shown on 
the general mine-geologic map of fig. 11 a thick 
sandstone bed called the ”midsandstone” sepa- 
rates the main-lode from the southern group of 
lodes, Klappa Kampit is entirely in the sedi- 


mentary formation. The two nearest outcrops of 
granitic rock, a large one to the south and a small 
one to the eastsoutheast, are 7 miles distant from 
the top of the Klappa Kampit hill. 

The mining-field being about two miles long 
and one mile wide has been divided into three 
sections which from west to east were succes- 
sively called: Klappa Kampit, Rayah and Latjet. 
For each section a further distinction was made 
between that part of it where underground 
mining could be started by means of adits (Dutch 
”heuvelontginning”, abbreviated to H.O.), and 
that part where access to deeper portions of the 
lodes was only possible by means of shafts 
(Dutch ”diepmijn”, abbreviated to Dm). It must 
be borne in mind that these designations origi- 
nated at a time when mining in Klappa Kampit 
started at widely separated localities without 
knowledge of the geologic relations between 
them. 

At the time when I had to begin the mine 
geologic mapping of Klappa Kampit (March 


SAN = Sarı Kiok Ha 
x np = Mampet 
25 = Pan Sen 
| Nyk= Aho si Kıp 
Br = Bicdsderı 


Verschinringen 


Ph = Pieng Ha 
| (Faults) 


| line: radiolarite band. 
M 


| 1925) the Dm parts of the mining field were not 
|" accessible because they had been temporarily 
| abandoned and allowed to be filled with water. 
| I could therefore give my whole mind to the 
| investigation of the H.O.-parts where mapping 
| was so much facilitated by the existence of 
 abundant day-light exposures at the surface and 
| in the open cuts that the first detailed mine- 
geologic map of H.O. Klappa Kampit could be 
| made within three months. The results obtained 
IM in structural respect were of great importance. 
It was the first time that the existence of clearly 
 demonstrable faults became known in the mining 
| field of Klappa Kampit. The subjoined sketch 

‚map, fig. 12, shows the essential features. Chi- 
nese names were given to the faults and lodes 
as all our miners were Chinese. The following 
are the meanings of these names: 


San kiok ha = at the foot of the mill 

Pan san — half way up the hill 
Nam pet — south north 

Kau tja = cross 

Sa lu = ore lode, equivalent to German "Erz- 
gang”. 
Thon sa lu = the broken ore lode 

_ Piang ha = further below | 
The Sankiokha and the Pansan are faults with 


R" 
= 


| Fig. 11 — General Mine Geologic Map of mining-field Klappa Kampit. Stippled area: ”Mid-sandstone”. Dotted 


clean cut, smooth, fault-surfaces. In accordance 
with the evidence furnished by horizontal or 
nearly horizontal striae on their fault-planes they 
were identified as tear faults. The Nampet and 
Kautja with their sigmoidal outcrops are obvious 
tension fractures, they show distinctly observable 
displacements at right angles to their plane of 
parting and only small displacements parallel to 
that plane. 


The usual reasoning to explain how tear faults 
may arise is as follows: 

When a mass of rock is strained by a horizon- 
tal compression it becomes shorter in the 
direction (x) of the compression, and elongated 
in the direction (z) of least resistance. The 
directions x and z must always be at right angles 
to each other. But when the mass of rocks is 
not capable of being strained and the difference 
between the compression and the least resistance 
exceeds the strength of the rock mass, this will 
break, and for preference along a plane of ma- 
ximmum shearing stress. According to the mathe- 
matical theory of elasticity the planes of maxi- 
mum shearing stress are at right angles to the 
plane x z and bisect the right angle between 
x and z. Tear faults arise when z is horizontal. 
When z is vertical we get overthrusts in stead of 
tear faults. 
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As shown in fig. 12 there are two sets of 
planes of maximum shearing stress at right 
angles to each other. In nature the angle between 
the two sets of planes along which rupture may 
take place is more or less different from 90°. 
As tear faults ‘play a prominent part in the 
mining field of Klappa Kampit, especially along 
the main lode, it will be convenient to have brief 
and unequivocal names to distinguish the two 
sets of tear faults. For an observer standing on 
one side of a fault with his face toward the 
fault plane the relative movement of the opposite 
side of the fault must be either to the left or to 
the right. In the former case the fault will be 
called a ”left-hand fault” in the latter a "right- 
hand fault”. 


On the other hand the Nampet and Kautja 
are real tin-ore lodes though not of the common 
bed-vein type, which are the Yensalu and Thon- 
salu. The sigmoidal course of the Nampet and 
the Kautja and their peculiar position between 
the great tear faults point to their fractures 
having been produced by the movement along 
the tear faults so that their fractures cannot be 
older than the tear faults. This compels us to 
the conclusion that the tear faults must be pre- 
mineral faults. A similar relationship between 
mineralisation and major faults has been ob- 
served by F. H. Fitch in the Pahang mining 
field. He writes (1952, p. 108) ”The major faults 
are themselves in part mineralized and although 
Willinks fault at least is reported to contain 


Fig. 12 — The tear faults Sankiokha and 
Pansan, the sigmoidal tension fractures: 
Nampet and Kautja and the bed-veins: 
Yen salu and Thon salu. 

Thus the Sankiokha and Pansan are left-hand 
faults. The Sankiokha has a displacement of 
about 350 metres. The displacement of the Pan- 
san is not known with certainty. As is generally 
the case with faults of considerable displacement, 
the Sankiokha is flanked by smaller faults, and 
the occurence of these close together produces 
the appearence of a broad zone of much fractured 
tock along the trend of the main fault plane. At 
some of the places where this factured zone was 
traversed by tunnels some tin-ore could be found 
in it, but there is every reason to believe that 
this has been drag-ore. The Sankiokha cannot 
be said to be mineralized. 


sheared ore, movement on them must therefore 
have started before the main surge of miner- 
alisation”. 

The detailed mine geologic maps of the main 
lode which is a lode much disturbed by a suc- 
cession of alternating left- and right-hand tear 
faults, show many instances of structural features 
pointing to a premineral origin of the tear faults. 
Fig. 19 is very suggestive in this respect; it is a 
simplified copy of the geologic map of the 
western part of the main lode on the third level, 
only the faults (broken lines), the radiolarite 
band (stippled) and the mineralized parts (black) 
having been drawn in it to show the essential 


18 
j 
Pe 
ur 
Re 
va 
e: 
ri 
BR 
7 
h 
8% 
P 
in. 
SS 
N 
% 


facts. The displacements of the faults may be 
inferred from the positions of the radiolarite 
between the faults. The ”Westader” is a part of 
the main lode rich in magnetite. O.E. (abbrevi- 
ation of "Oostelijik Ertslichaam” = Eastern 
Orebody) is a rich part of the main lode not 
containing magnetite. 

The "Deep Mine” was reopened early in 1926. 
From that time onward, geologic mapping was 
continuously done in conjunction with mine 
development and exploitation. Geologic in- 
spection of working faces never fell long behind 
blasting and always immediately after warnings 
by mine-captains when uncommon features had 
been met with. Only essentials were mapped: 
shale beds, radiolarite, ore and faults. Samples of 
rock and ore were taken in triplicate for 


 microscopic investigation and future reference. 


Besides the detailed mine geologic maps, skeleton 
models of the whole mine were made (figs. 13 
en 14). These skeleton models may be considered 
as three-dimensional negatives: open spaces as 
tunnels and shafts are in wocd whereas rock 
remains empty space. With such a model one 
sees a whole mine as through transparant rock. 
Tunnels and shafts are sawed out of sheets of 
three ply wood and fastened together with brads 
or glue. For portraying geologic exposures the 
tungels were painted with the same colours as 
on the maps: yellow for shales, red for lode 
matter, green for radiolarite and blue for faults. 
To represent a fault plane in the skeleton model 
a frame composed of parallel thin bars (mostly 
the flexible midribs of palm-leaves) was used. 


Limitations of time and space forbid anything 
like a detailed description of all results obtained. 
As a matter of fact, however, the interested 
reader would be more benefitted by visible 
representations than by lengthy accounts in 
words. The famous Swiss geologist Albert Heim 
wrote in the preface to his great work on the 
Geology of Switzerland: ”Es liegt in der Natur 


der geologischen Wissenschaft, dass sie reich- 
liche Illustration erfordert. Eine kleine Figur 


sagt oft mehr als einige Seiten Text”. (It lies in 


the nature of geologic science that she demands 


an abundance of illustrations. One small figure 
often says more than several pages of text). 


From a photograph of our skeleton model it 
was not difficult to draw the block diagram in 
fig. 15 which shows the structure of the main 
lode between the 2nd and 7th level as it would 
appear from the north if all rocks south of the 
lode were removed. When this diagram is studied 
conjointly with the self-explaining mine geologic 
map of the 4Ath level, fig. 16, there will be no 
difficulty in understanding the complicated 


Fig. 13/14 — Photograph of a skeleton model of the main lode mine 


Klappa Kampit 


Eastern part. 


14 


Fig. 


Fig. 13 — Western part. 
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Fig. 16a — Mine geologic map of the main lode of Klappa Kampit on the A4th level. 
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structure of the main lode without further ex- 
planations.. The mine geologic map of the 
southern, H.O.-part of the 4th level fig. 17 has 
been added for the sake of completeness. How 
the separate maps fit together may be inferred 
from the coordinates. 


THE MINERALOGY OF THE TIN-ORE LODES 


There is so much similarity in the mineralogy 
and the paragenesis of the different, also widely 
separated, lodes in the sedimentary formation 
that a knowledge of the kinds of ore found in 
one of them, as for instance the main lode of 
Klappa Kampit, would be sufficient for a general 
notion of the types of mineralization which are 
possible in all lodes. 

The principal characteristics of the mode of 
mineralization are the following. 

(1) The most important and most persistent 
lodes are of the "bed-vein” type and may better 
be called "bedding plane lodes”. 'They always 
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occupy that part of a bed of clay shale or other 
fissile rock where it is in contact with sandstone 
or other massive rock, e.g. radiolarite. The 
planes of junction between fissile and massive 
tocks are known to be planes of weakness; they 
favour rupture and therefore localize ore de- 
position. Clay shale seems to be hospitable to ore 
deposition also in chemical respect. 

(2) The lodes are mainly replacement deposits 
formed at high teperature (pneumatolitic re- 
placement deposits). The term "replacement” or 
"metasomatism” is here used in the sense as 
defined by V. M. Goldschmidt (1922, Econ. 
Geol.). Whether the lodes must be classed with 
the hypothermal or the pyrometasomatic depo- 
sits in Lindgren’s classification might, in some 
cases, not be to easy to decide. I would rather 
reckon them to the pyrometasomatic deposits, 
especially because of the fact that a large part 
of the Klappa Kampit main lode, called the 
„schachtader Rayah”, is a typical ”skarn"-rock, 
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Fig. 20 I — Photograph of a whole thin section of ore from O.E. Klappa Kampit main lode. Sample No. 1460 


taken 4 metres below third level. Magnif. 6 x. 


mainly composed of amphibole, pyroxene, an- 
dradite, ilvaite and iron-sulfides. Although no 
trace of calcareous rocks has been found in or 
near the Schachtader Rayah the original rock 
must have been calcareous. The ”skarn”-rock of 
the Schachtader Rayah is about two or three 
metres thick and is bounded on the north by a 
radiolarite bed more than 10 mettes in thickness. 

(3) Especially characteristic of the tin-ore 
lodes in the sedimentary formation is their rich- 
ness in iron and sulphur. It is here that tin 
reveals its true nature as a siderophile and 
chalkophile element. Extensive parts of lodes are 
composed almost entirely of magnetite, and it 
would be difficult to find the smallest part of a 
lode without some sulfide in it. The Seloemar 
lode is the richest in iron. It was also in this 
lode where I recognized fayalite in a lenticular 
mass passing downward into magnetite. 

Some kinds of ore are shown in the micro- 
photographs of thin sections and one polished 
section (Figs. 20 to 26). For their explanation 
some drawings have been added. 

Following is a list of all minerals found in 
the unweathered parts of the tin-ore lodes. 


Cassiterite Fluorite 
Magnetite Tourmaline 
Pyrite Biotite 
Pyrrhotite Chlorite 
Chalcopyrite Quartz 
Arsenopyrite Common red Garnet 
Sphalerite Phenacite 
Galena Andradite 
Bishmuthite ) rare Ilvaite 
Bismuth | auantiies  Amphibole 
Siderite Pyroxene 
Vivianite Fayalite 


Zircon (always with 'pleochroitic halos) 


It is a curious fact that Wolframite has never 
been found in the tin-ore lodes of the sedi- 
mentary formation. On the north slope of the: 
Seloemar hill there are many small fissure veins 
ct wolframite, but these do not contain cassi- 
terite. Near the top of the Seloemar hill there 
are two thin fissure veins not far apart, one 
containing cassiterite and no wolframite, the 
other wolframite and no cassiterite. 

The foregoing merely gives a succint de- 
scription of the mineralogy of the tin-ore lodes 
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Fig. 20b — Microphotograph of part of 20 II Magnification 70 x, c (redrawn), Cassiterite crystals, b (grey) 
biotite, f (white) fluorite. 


2 


Fig. 20c — Microphotograph of part of 20 II Magnification 70 x. Pleochroic halos in biotite, b (grey), f (white) 
fluorite, black. sulfide. 


Fig. 21 — Microphotograph of thin slide of ore from O.E. Klappa Kampit main lode, 3d level. Sample No. 
1991. Sulfide (black) filling cracks in Cassiterite and Tourmaline crystals and in fluorite (White). Magnif. 


S.X. 


Fig. 22 — Microphotograph of sandstone, the clay-matrix of which is metamorphosed into biotite. In the center 
a Cassiterite crystal within biotite. This sample of sandstone was taken near its contact with a tin-ore lode. 


Magnif. 51 x. 


in the sedimentary formation of Billiton. If more 
time had been available I could have given more 
examples of kinds of ore with the necessary 
illustrations and comments. I therefore hope soon 
'to have an opportunity to revert to this inter- 
esting subject. 
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Fig. 23 — Microphotograph of thin section of tin-ore with magnetite Sample No. 1479, taken from stope 
8 metres above Ath level, Western part of main lode Klappa Kampit. Magnif. 58 x. 


Fig. 23a — Explanation of fig. 23. m. Magnetite, c. Cassiterite, a. green mineral, that could not be identified, 
sometimes with quartz; The spaces between the accration zones of magnetite contain also c and a. 
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Fig. 24 — Microphotograph of thin section of ”skarn” rock from Schachtader Rayah. Sample No. 30, 
consisting mainly of green amphibole (extinction angle 16°) and ironsulphides (black) and containing some 
erystals of cassiterite. Magnif. 17 x. 


Fig. 25 and 25a see next page. 


Fig. 26 — Microphotograph of thin section of fayalite from main lode Seloemar. 
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Fig. 25 — Microphotograph of polished section. Sample No. 3532 of main lode Klappa Kampit, 5th level. 
Magnif. 51 x. 


A 25a — Explanation of fig. 25, f. fluorite, py. pyrite, ch. chalcopyrite, s. siderite, often between pyrite and 
uorite. 
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THE PLUTONIC IGNEOUS ROCKS FROM BILLITON, INDONESIA 


G. J. J. ALEVA I 


ABSTRACT 


The plutonic igneous rocks of the island of Billiton 
are described and their textures and origin discussed; 
nine new chemical analyses are presented. 

The more basic rocks have an intersertal-oiko- 
erystalline texture and a hiatus in the anorthite content 
of the zonal plagioclase. An origin by magmatic differ- 
entiation or by magma blending is discussed. The 
granitic rocks are marked by textural features (dovetail- 
like intergrowths of sodic plagioclase in between potash 
feldspar crystals, and amoeba-like borders around quartz 
and feldspar phenocrysts) which must have originated 


by crystal growth after the granitic rocks were 
solidified. 
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I. INTRODUCTION 

The geological map of the island of Billiton 
(Verbeek, 1897) shows three units of con- 
solidated rocks, viz. (i) granitic rocks, (ii) quartz- 
ites, clay-shales and sandstone, and (iii) dolerite 
and dolerite breccia (translated from the legend). 
By far the most abundant is the sedimentary 
formation of sandstones, shales and greywackes, 
occuring in thick-bedded alternation; the 
Structure is monoclinal with beddingplane dips 
moderately steep south with local overturning to 
moderately steep north, the strike being between 


1 Geologist N.V. Billiton Maatschappij Suriname, Su- 
tinam. 


N90°E and N120°E. As part of this formation 
basic extrusive rocks occur along the north shore 
of the island and also on a row of islands off the 
north shore. These rocks, described as dolerite 
and dolerite breccia by Verbeek, seem to be 
members of a series of typical basic volcanic 
products, composed of pillow lava, agglomerates 
and tuffs. Tropical weathering has attacked these 
rocks severely, and most outcrops consist of a 
thick and hard layer of limonitic material. 


The ”granitic rocks” occur as batholithic 
masses, smaller stocks, and local dykes, all with 
an apparently intrusive relation towards the sur- 
rounding sedimentary formation. Exposures of 
contacts between granitic and sedimentary rocks 
are few, they show sharp contacts with some 
contact-metamorphic reactions but without feld- 
spatic veins or zones of feldspar porphyroblasts 
in the wall rock. In some places it was observed 
that the contact followed sets of fauits in the 
quartzitic wall rock, indicating a mise-en-place 
by magmatic stoping. The composition of these 
”granitic rocks” will be discussed below. 


Dyke swarms of a presumably doleritic compo- 
sition occur in several places in the island, in- 
trusive in both the sedimentary formation and 
the granitic masses. The actual composition is 
unknown as tropical weathering has decomposed 
the rocks to great depth. The texture, however, 
is preserved and the fine white rectangles of 
original feldspar crystals indicate the character- 
istic ophitic texture. 

The age of the rocks is incompletely known, 
as the sedimentary formation is almost devoid of 
fossils; the few found to date indicate a Permian 
age for the sedimentary formation (Kruizinga, 
1950), while the intrusive rocks are determined 
by radio-active methods to be of Mesozoic age 
(about 150 x 10% year, cf. Schürmann et al,, 
1955, 1956, 1957). 
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II. PETROGRAPHY 

Introduction 

A few reconnaissance trips across the island 
are sufficient to establish a variability within 
the group of the intrusive rocks that is larger 
than can be comprised in the term ”granitic 
rocks”. On mineralogical and textural grounds, 
I distinguished four groups of intrusive igneous 
rocks (cf. figure 1 for their distribution): 


the zonal trend. E.g. a rock composed of mafic 
minerals, a little quartz and plagioclase with a 
core containing 85% An and a rim containing 
25% An, is named a quartz gabbro — tonalite. 


Gabbroic rocks (A) 


These medium- to fine-grained rocks range in 
composition from granogabbro — granodiorite 
to quartz gabbro — tonalite. The rocks are light 


(A) gabbroic rocks with intersertal-oikocrystal- to medium grey in colour, mostly with con- 
line texture; spicuous, black hornblende needles and biotite 
(B) granodioritic rocks with indefinite texture; scales. Plagioclase is mostly faintly porphyritic. 
(C) adamellitic rocks with conspicuous porphy- The main mineral present is zonal plagioclase 
ritic texture; with an anorthite content as high as 90 per cent 
(D) granitic rocks with secondary crystalloblastic in the core and as low as 20 per cent in the 


texture. 
All these rocks have in common the wide-spread 
occurence of zonal plagioclase with differences 
in anorthite content between core and rim as 
large as 70 per cent anorthite. This feature inter- 
feres with a rock nomenclature on mineralogical 
basis as e.g. that of A. Johannsen, which is used 
throughout this paper. In order to circumvent 
this difficulty, and to indicate the anorthite 
variation in the plagioclase, I use both the name 
according to the plagioclase composition of the 
core and that based on the plagioclase rim and 
connect the two names with an arrow indicating 


outer rim, but the decrease in anorthite content, 
from core to rim is not gradual. The core is 
sharply outlined against the rim because of a 
hiatus in the anorthite content, while core and 
rim both are zonal to a limited degree. Combined 
Carlsbad - albite twinning is common. The 
mafic minerals are represented by colourless 
clinopyroxene, brown and green hornblende, and 
brown biotite. These minerals, together with 
plagioclase, make a close network leaving narrow 
meshes which are filled with quartz and potash 
feldspar, both having continuous optical orien- 
tation over large areas comprising many meshes. 


TABLE IA — CHEMICAL ANALYSES OF IGNEOUS ROCKS FROM BILLITON 
(in weight percentages) 


No. 1 2 3 4 5 6 7 8 9 10 


SiOa 53.22 56.14 64.92 61.66 48.45 66.01 65.28 73.86 74.46 74.09 
Al»O3; 15.81 7 12.91 15.57 11.09 14.66 15.16 12.04 12.41 12.29 
Fes03 0.89 1.88 1.56 0.32 2.81 0.94 1.06 ‚0.02 1.09 0.67 
FeO 8.04 5.96 4.01 6.63 9.79 4.99 3.70 1.58 2.69 1.60 
MnO 0.78 0.87 — 0.81 tr 0.81 0.60 tr 0.03 — 

MgO 6.97 als, 2.38 2.34 10.01 1.30 1.98 0.42 0.34 0.55 
CaO 10.24 8.71 5.04 6.09 12.00 5.00 3.59 1.81 150 2.65 
Na30 0.80 1.48 5.41 175 0.79 1592 392 3.95 2.78 1.88 
K30 0.77 1.48 21 2.49 073 3.08 4.53 4.52 4.44 4.65 
11027 °:0.57 0.78 0.48 0.78 0.81 0.62 0.61 0.23 0.16 0.41 
P>0O; — tr — 1.04 — -- 0.96 — 0.93 
H3s0+ 1.46 1.57 1.29 1.49 1.74 1.01 0.45 0.57 0.30 0.41 
H>30— 0.30 0.27 0.10 0.26 0.11 0.21 0.17 0.10 0.25 0.10 
Sum 100.02 100.51 100.70 100.25 99.45 100.29 100.76 100.12 100.45 100.31 


Rock names and locations: 


1 — Quartz gabbro; between Djambu Hill and Lenggang River. 

2 — Quartz gabbtro — tonalite; Cape Letang. 

3 — Granogabbro — sgranodiorite; northern slope Mount Burung Mandi. 
4 — Quartz gabbro porphyry; Cape Letang. 

— Melagranogabbro — melagranodiorite; village of Kelobong. 

— Granogabbro — granodiorite; southern foothills Mount Bolong. 
— Granogabbro — sgranodiorite; south slope Mount Ludai. 

— Granite; top of Seru Hill. 

— Porphyritic microgranite; bank of Sengkelie River. 

— Granite; northern foothills of Mount Beluru. 
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This texture is called intersertal-oikocrystalline 
(Vuagnat, 1946, van Overeem, 1948); it is a 
characteristic feature of all rocks belonging to 
group A. 

Three samples of rocks covered by the above 
description were chemically analysed (cf. table I, 
analyses 1, 2 and 3); two modal analyses are 
shown in table II. 

Analysis 4 is of a porphyritic rock closely 
related to the rocks described above. The pheno- 
crysts comprise euhedral plagioclase with Carls- 
- bad-albite twins and about 80 per cent anorthite, 
further colourless clinopyroxene, and light 
browngreen hornblende, the Jatter two in many 
places intergrown. Chlorite in aggregates with 
opaque grains, sphene and apatite presumably 
tepresent altered biotite. The matrix is composed 
of a granophyric intergrowth of quartz and feld- 
spar. Accessory minerals are skeleton crystals of 
sphene, opaque grains in many places with 
sphene rim, clinozoisite in many places with 
orthite core, and apatite. 

A melanocratic rock is included in this group, 
although not directly related to the rocks de- 
scribed above. This porphyritic melagranogabbro 
— melagranodiorite occurs in a small stock com- 
pletely surrounded by adamellitic rocks belong- 
ing to group C; hybrid rocks, the result of 
assimilation, were found in the contact zone. The 
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melanocratic rock is mainly composed of green 
hornblende, as poikilitic phenocrysts and as part 
of the groundmass, and clinopyroxene enclosed 
in hornblende and as separate crystals. Ortho- 
pyroxene occurs as relics in the core of horn- 
blende phenocrysts. Plagioclase is present en- 
closed in hornblende in non-zonal crystals, and 
in zonal crystals (75 — 26% an.) in the sparse 
groundmass. Potash feldspar (microline) and 
undulatory quartz form the oikocrystalline 
mesostasis. Biotite, apatite, sphene, opaque 
grains, clinozoisite, carbonate, and prehnite are 
present in small amounts. Analysis 5 in table I 
gives the chemical data, while a modal analysis 
is included in table Il. 


Granodiorite rocks (B) 


The medium- to fine-grained rocks of this 
group range in composition from granogabbro 
to granodiorite. They are light grey in colour and 
less conspicuously speckled than the rocks from 
group A. The principle minerals present are 
zonal plagioclase with up to 76 per cent anorthite 
in the core and as low as 18 per cent anorthite in 
the rim, further green hornblende, brown biotite, 
quartz, and subordinate amounts of potash feld- 
spar. In places the rocks are porphyritic with 
quartz and plagioclase phenoctysts; the texture 
is faintly intersertal-oikocrystalline to irregular. 


TABLE IB — NIGGLI PARAMETERS AND BASES OF THE ANALYSED ROCKS. 


No. 1 2 3 4 5 6 7 8 9 10 
al 23.3 29.8 2702 31.8 14.3 30.3 33.9 40.1 40.6 41.4 
em. 461 36.6 29.0 34.3 55.1 26.5 277 10.9 19.7 15.1 
c 27.4 26.9 19.3 227 28.1 18.9 14.6 10.9 9.0 16.1 
alk 3.2 6.7 24.5 112 sb, 24.3 23.8 38.1 30.7 27.4 
si 133.0 161.7 231.8 213.4 106.2 232.6 248.2 418.3 413.2 422.3 
ti 1.0 %7 1.3 21 1.3 1.7 1.6 1.0 0.7 1.7 
p —_ —_ _ =; 2.0 _ Er 4.8 Bi 4.4 
h 122 15.41 15.5 17.3 12.8 11.9 5.7 10.9 3 7.9 
k 0.38 0.39 0.23 0.49 0.42 0.57 0.46 0.43 0.51 0.62 
mg 0.56 0.44 0.44 0.35 0.59 0.26 0.41 0.31 0.14 0.32 
w 0.08 0.20 0.26 0.04 0.20 0.13 0.18 0.00 0.27 0.27 
qz 20.2 34.5 33.8 68.6 38 35.4 53.0 165.9 190.4 2127 
Kp 37 5.4 9.0 9,3 2 11.4 16.2 16.2 16.2 174 
Ne 4.5 8.4 29.1 9.6 3.9 8.4 18.9 21.6 15.3 10.5 
Bl: 233 22.8 21 173 15.8 152 7.4 1.1 4,5 4.8 
Cs 42 2.0 6.5 0.7 8.5 0.2 14 1.8 — 
Sp en er en je Pe a — 0.6 Da 
Fs 0.9 2 1.6 0.3 3.0 1.0 4 . 1.2 0.7 
Fo 15.0 7.9 5.0 5 21.6 2.9 4.0 0.9 0,5 0.2 
Fa 10.5 8.3 4.7 8.9 11.9 7.0 5.0 1.8 3.1 1.9 
Ru 0.4 0.6 0.3 0.6 0.6 0.5 0.4 BuE 0.1 0.3 
Q 38.5 42.4 41.7 48.2 29.7 53.4 45.3 56.3 58.5 60.6 
Cp = = — Ep 2.3 — — 0.3 — 1.8 
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One sample, a hornblende-biotite granogabbro 
—- granodiorite, was analysed (cf. analysis 6 in 
table I; see also table II). This porphyritic rock 
contains zonal plagioclase (51 — 18% an), 
brown biotite, green hornblende, and quartz as 
phenoctysts in a coarsely granophyric groundmass 
composed of quartz and feldspar. The edges of 
plagioclase and quartz phenocrysts are intergrown 
in many places with the groundmass minerals, 
giving an amoeba-like appearance to these phen- 
crysts. Accessory minerals are apatite, zircon, 
opaque grains, and some relatively large grains 
of an orthite bearing mineral belonging to the 
zoisite-epidote group. 


Adamellitic rocks (C) 


The conspicuously porphyritic rocks of this 
group range in composition from granogabbro 
to granodiotie and calci-granite or, if using the 
accessory classes of Johannsen, vary from calci- 
adamellite to adamellite The component 
minerals are zonal plagioclase (88% — 21% 
An., in many places with Carlsbad-albite twin- 
ning), brown bDiotite, green hornblende (in 
places with clinopyroxene inclusions), quartz, 
and potash feldspar. These minerals are almost 
the same as stated for the foregoing groups, how- 
ever, the texture and the general appearance of 
the rocks are without any resemblance with rocks 
of the groups A and B. The present group is 


composed of two sub-groups; (a) porphyritic 
rocks with fine- to medium-grained groundmass, 
dark bluish grey in colour, and with the cores of 
the plagioclase phenocrysts composed of bytow- 
nite or calcic labradorite, and (b) porphyritic 
rocks with medium- to coarse-grained ground- 
mass, light pinkish grey in colour, and with the 
plagioclase phenocrysts cores composed of sodic 
labradorite. This last variety exhibits in many 
places two generations or at least two size classes 
of feldspar phenocrysts, the largest up to 60 mm 
in length. 


The textural and other properties of these 
rocks are very consistent throughout the two 
large masses that they constitute along the south 
coast of the island. 


One sample, representing the sub-group (b), 
a hornblende-biotite granogabbro — granodio- 
rite, is chemically analysed (cf. analysis 7, table I); 
a modal analysis is not practicable because of the 
large phenocrysts. The rock is composed of 
phenocrysts of zonal plagioclase (068 — 24% 
An., maximum size 10 mm) and potash feldspar 
(up to 60 mm in size), which are in a medium- 
to coarse-grained groundmass of the same 
minerals in addition to dark brown biotite, green 
hornblende, and undulatory quartz. Accessory 
minerals are apatite, zircon, and opaque grains. 
Quartz seems to replace all other minerals, in 
particular the potash feldspar of the groundmass. 


TABLE IC — C..P.W. NORM AND CLASSIFICATION OF THE ANALYSED ROCKS. 


No. 1 2 3 4 5 
or 4.5 8.9 15.0 15.0 4.5 
al 6.8 12.6 45.6 14.7 5.8 
an rl) 37.0 3.6 272 25.0 
& EN er w. Se 
Q 9.6 14.5 11.6 20.3 3.6 
di 512 Sal. 17.6 2.6 22.6 
hy 26.4 16.5 225 16.6 28.1 
mt 1.4 2.8 29 0.5 4.2 
il 1.1 15 0.9 159) 1:5 
ap => u — = 2.4 
> > € 
en mn + mn en 
2 S x . 
ie Sr N = Ss N 
[) 
oa 
e) 
5 = * 
St N er = Ss 
= 


6 7 8 9 10 
18.4 26.7 26.7 26.1 27.8 
39.1 29.3 33.5 23.6 15.7 
239 125 1.7 75 7.) 

— — — 0.3 1.4 
28.7 15.7 30.8 333 40.2 
0.8 4.4 0.8 — — 
Nun 8.6 Dal 5.4 3.1 
1.4 1.6 — 1.6 0.9 
182 172, 0.5 0.3 0.8 
— — 2.4 — 2.0 
no 
® en En n a 
S 
en N - N SQ 


Lars N 
= S 
St 2 
5 SH an en an 
u 1 
u 3 
m up) 
- - R a 
—_ nl ni 


Granitic rocks (D) 


Small variations in the relative abundances of 
the component minerals and the anorthite con- 
tent of the plagioclase place the rocks of this 
group in the pigeon holes granite, leucogranite, 
and alaskite. Common features are a small amount 
of mafic minerals, which is exclusively biotite, 
and about even amounts of perthitic potash 
feldspar, sodic plagioclase (mostly zonal, anor- 
thite content anywhere from 48 % in core to 
5% in rim), and quartz. 

Several large masses or batholiths and many 
smaller masses and stocks are composed of these 
rocks. All show the same variety of textures, viz. 
(i) evenly grained rocks of medium to coarse 
grain size, in places grading into pegmatitic or 
slightly porphyritic rocks; 

(ii) evenly grained rocks of fine grain size; 

(iii) porphyritic rocks with a fine-grained 
groundmass like the rocks of variety (ii), and 
phenocrysts, rather megacrysts, of quartz or 
quartz and two feldspars, in size ranging from 
8 to 30 mm for potash feldspar, 8—-15 mm 
for quartz and plagioclase. 

A common feature for all these rocks is the 
occurrence of greisen in narrow dykes along 
joints in the granite, in dykes up to several 
decimetres in width, and in irregular pods and 
masses. 


One sample was chemically analysed, repre- 
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senting the textural variety (i) above (cf. table I, 
analysis 8); no modal analysis is available. This 
biotite granite is a coarse-grained, slightly por- 
phyritic rock composed of potash feldspar (up to 
50 mm in size), zonal plagioclase (48 — 5% 
An.), and undulatory quartz replacing both feld- 
spars to a limited extent. A small amount of 
strongly pleochroic brown biotite is present 
besides the accessory minerals fluorite, zircon, 
opaque grains, apatite, and zonal orthite-bearing 
clinozoisite. Potash feldspar contains abundant 
microline twin grids, Carlsbad twinning is 
common; perthite occurs in ribbons, irregular 
patches and in dovetail-like intergrowths on the 
mutual borders of potash feldspar grains. 
Another chemically analysed sample represents 
the textural variety (iii) in its most extreme type. 
The analysis of this porphyritic biotite micro- 
granite was published before (Aleva, 1956) but 
is shown again in table I as analysis 9. The rock 
is light grey and distinctly porphyritic. Pheno- 
erysts occur of quartz (maximum size 15 mm), 
potash feldspar with fine microline twin grids 
and perthite stringers and patches, zonal plagio- 
clase (34 — 20% An.), and brown biotite; the 
feldspar phenoctysts reach a maximum size of 
30 mm. The panallotriomorphic groundmass 
(grain size 0.1—0.3 mm) is composed of the 
same minerals. Accessory minerals are fluorite, 
zircon, apatite, muscovite, and tourmaline. All 
phenocrysts penetrate the groundmass in an 


TABLE II — SOME MODAL ANALYSES OF PLUTONIC IGNEOUS ROCKS FROM BILLITON 
(VOLUME PER CENT). 


Sample Quartz K- Ca-Na Pyrox Horn- Biotite Acc. Rernarkes 
No. feldspar een blende min. 


18272 125 — 42.8 4.0 
18414 22.3 2.6 47.6 Zah 
18602 29.6 13.4 391 — 
18957 DA! 92 SB) 24.1 
18959 al cl 20.9 2.3 
18292 37.4 14.8 34.4 — 
18347 38.8 U) 34.6 — 
18351 35.1 107 45.3 = 
14229 41.7 36.9 18.7 = 
14251 2) 35.0 2a — 
14353 31.8 43.9 21.6 — 
14985 35.0 35.1 26.5 — 
15758 35.7 34.0 27.4 — 
16601 30.8 34.7 28.5 — 
19001 33.6 36.9 2 — 
19005 391 29,9 24.2 —— 


Group A 
40.9 — — cf. analysis 1 
21.0 3.3 0.5 cf. analysis 2 
1515 5.8 — 
54.8 tr 15 cf. analysis 5 
54.8 tr 12 
Group B 
De 7.9 —_ cf. analysis 6 
1.8 6.7 0.2 
2.1 4.6 0.2 
Group D 
— 25 0.2 
— 4.9 3.1 1.1% fluorite in- 
cluded in acc. min. 
— 2a — 
— 3.4 — 
— 2 0.6 
— 5.4 0.6 
en 743 — cf. analysis 10 
— 6.4 0.4 
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amoeba-like fashion, enclosing in their rims the 
foreign groundmass minerals. 

The rocks of this group always have properties 
that indicate crystal growth in the solid state, 
after the rock as a consolidated material was 
formed. The formation of sodic plagioclase, 
related and crystallographically parallel to the 
perthite veins in potash feldspar, wich a dovetail- 
like interlocking texture on the boundary of two 
potash feldspar crystal, and the amoeba-like 
intergrowth of quartz and feldspar phenocrysts 
or megacrysts with the groundmass belong to 
this phase of crystalloblastesis. In places it is 
even questionable if the porphyritic texture is of 
igneous origin; observations on large quartz, 
plagioclase, and potash feldspar grains point to 
a formation by crystalloblastesis around a core 
that was in many places only slightly larger than 
the average grain size. Field evidence supporting 
this interpretation is probably present in the 
gradual change found in places from fine-grained 
rocks of even grain to fine-grained rocks with 
„phenocrysts” of quartz and feldspar. 


A small mass of granitic rocks of somewhat 
different appearance occurs along the northern 
contact of the large mass of adamellitic rocks 
belonging to group C, situated in the southwest 
corner of the island. The rocks are comprised in 
this group D, and a sample has been analysed 
(cf. analysis 10, table I; see also table II, samples 
19001 and 19005). This biotite granite is bluish 
grey, fine- to medium-grained, and has a mottled 
appearance caused by scattered biotite scales. The 


rock is composed of a panallot riomorphic mosaic 
of microcline with sparse perthite stringers, zonal 
plagioclase (41 — 21 % an.), quartz with lobate 
borders, and strongly pleochroic brown biotite. 
Accessory minerals are apatite, zircon, and opaque 
grains. Dovetail-like intergrowths of albite occur 
on the mutual boundaries of microcline grains, 
while coarse granophyric intergrowths occur on 
the microline-quartz contacts. The zonal plagio- 
clase is in many places surrounded by a much 
more sodic edge containing myrmekitic quartz. 


Ill. PETROLOGY 

The intersertal-oikocrystalline texture, the 
zonal development of the plagioclase, and the 
textures encountered in the granitic rocks of 
group D will be discussed here, as they have 
some bearing on the petrogenesis. 

The  intersertal-oikocrystalline texture, so 
universally found in the more calcic and silica- 
poor members of the intrusive rocks, is character- 
ized by a network of early minerals (pyroxene, 
hornblende, zonal calcic plagioclase, in places 
biotite) and a filling of the meshes with quartz 
and potash feldspar, the latter mineral being 
partly replaced by quartz. The mesh filling 
minerals are not commonly found in intrusive 
rocks with pyroxene and bytownite or labrador- 
ite plagioclase. 

Probaly genetically related is the zonal structure 
of most plagioclase. The notable fact about this 
zoning is the hiatus in anorthite content between 
the core and rim. In the more calcic rocks, no 


TABLE III — SOME EXAMPLES OF THE HIATUS OBSERVED IN THE ANORTHITE CONTENT OF 
ZONAL PLAGIOCLASE CRYSTALS 


Anorthite content in per cent 


Pa Remarks 
No. Core*) Rim Hiatus 
18389 94—-85 40—33 85—40 cf. analysis 1 
18414 90 21 90—21 cf. analysis 2 
18959 85—80 46—36 80—46 
18983 80—70 40—26 70—40 cf. analysis 5 
Group B 
18348 76 47—21 16 
18350 81—75 40—21 75—40 
18351 78 40—21 78—40 
Group C 
18406 92—55 40—21 55—40 
Group D 
18658 21 3 21— 3 
19001 41 21— 5 41—21 cf. analysis 10 
19002 62 21— 5 
19166 53—30 15— 6 


*) All measurements made on Carlsbad-albite twins. The highest value recorded for the core does not 
necessarily represent the maximum content of anorthite as the location of the measured sections in relation to 


the centre of the crystals is unknown. 
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 plagioclase is present with an anorthite content 
between about 75 and 45 per cent, the core being 
more calcic, the rim more sodic. In the more 
silicic rocks (e.g. the group C adamellites) the 
hiatus extends from about 60 per cent to about 
40 per cent anorthite. The actual figures for 

_ upper and lower limit of the hiatus vary con- 
siderably from sample to sample, the hiatus in 
the more calcic rocks being the largest that 
occuts (see table III). 


These two properties — texture and hiatus 
in anorthite content — seem to be related and 
should find their explanation in the petrogenesis. 
At a certain moment during the cooling history 
of the magma, crystals of clinopyroxene, horn- 
blende and calcic plagioclase were growing in 
an originally gabbroic melt. The temperature 
drop must have been relatively fast as the plagio- 
clase cores in many samples show a zonal 
development indicating that equilibrium between 
crystal phase and melt was far from being 
reached. Continued, uninterrupted fast cooling 
would have resulted in zonal plagioclase with 
gradually more sodic zones, but without any 
hiatus in the anorthite content. This hiatus 

- would occur as the result of a sudden calcium 
 decrease in the melt caused by an outer in- 
fluence. E.g. the assimilation of shale by the 
‚intruding magma, causing the formation of 
" plagioclase, pyroxene, etc, would consume a 
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E.. 1 — Index map of Billiton, showing the distribu- 
tion of the different plutonic rocks and the location of 
the chemically analysed samples. The numbers refer to 
E the analysis numbers in table I. 
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large part of the calcium originally present. 
However, no observations in the field warrant 
the hypothesis of wide-spread assimilation (a 
special study was made of inclusions, but only 
few foreign xenoliths were found between the 
multitude of small cognate inclusions). 


Or, separation of the cıystal phase from its 
own liquid environment, after partial and 
relatively fast crystallization, and the introduction 
of a more sodic melt of lower temperature might 
explain the hiatus. The texture is compatible 
with this hypothesis; the original melt might 
have been filtered off leaving a felt of crystals 
behind, and the newly introduced melt consoli- 
dated in the meshes adding a narrow zone of 
more sodic plagioclase to the existing calcic 
plagioclase while the remaining space was 
occupied by the latest crystallizing minerals 
potash feldspar and quartz. The large crystals of 
potash feldspar and quartz, filling several meshes 
at a time, indicate relatively slow crystallization 
in this later stage. 


The mechanism necessary for the exchange of 
melts is not clear. The gabbroic rocks might be 
giant-sized chilled margins, crystallization taking 
place in cupolas of the major magma chamber. 
In the meantime, the main magma might differ- 
entiate and react with wall-rock and inclusions 
at greater depth, and thus might cool more 
rapidiy than the more or less separate cupolas 
which were bypassed by convection. Finally, the 
main melt circulated through the crystal mush 
of the chilled margins, but then the melt had 
differentiated farther and was of lower tempera- 
ture than the equilibrium melt replaced in the 
margins, and thus might have originated the 
hiatus and texture under discussion. 


The explanations and mechanisms indicated 
above contain several questionable points, e.g. 
the relative quantities of the basic, intermediate 
and acid rocks (see fig. 1) which are in disa- 
greement with an origin by magmatic differ- 
entiation. A suggestion made by Turner & Ver- 
hoogen (1951), that mixing and blending of 
magmas from different origin would account for 
the large volume of intermediate rock extruded 
as andesite, could also furnish an explanation for 
the textures encountered in the rocks from 
Billiton?. During geosynclinal down warping 
granitic magma could be generated from the 
sedimentary rocks and start on its way up to 
higher levels in the crust (as the exposures of 
Billiton certainly represent) where they appear 


2 Brought to my attention by Dr. W. P. de Roever, 
Amsterdam, whom I also thanks for critically reading 
a draft of this paper. 
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as intrusive rocks. It seems not improbable that 
these rising granitic magmas come in contact 
with primary gabbroic magmas originating from 
the basaltic substratum and in the act of being 
squeezed up to higher levels in the crust. The 
merging of two magma masses, one gabbroic 
that is partially crystallized and one fluidly 
granitic, would explain both the intersertal 
texture and the hiatus in the zonal plagioclase 
crystals. It also would throw some light on the 
large gap in silica content between the purely 
granitic rocks and the rocks of gabbroic and 
intermediate (i.e. of mixed gabbroic granitic) 
origin as will be shown in the next paragraph. 

The notable texture of the granitic rocks of 
group D are the dovetail-like intergrowths of 
albitic feldspar, and the amoeba-like penetration 
of the groundmass by the borders of quartz and 
feldspar phenocrysts (cf. figure 2). 


% Die 


Fig. 2 — A: Dovetail-like intergrowth between two 
potash feldspar crystals. The heavily shaded areas are 
the albite outgrowths optically parallel to the perthite 
in the upper crystal; the blank albite outgrowths are 
optically parallel to the perthite in the lower potash 
crystal. 


B: Plagioclase phenocryst with amoeba-like border- 
zone (heavy outline). The grain boundaries in the 
groundmass are indicated with dotted lines; quartz is 
dotted, feldspar is blank. 


The dovetail-like intergrowths are of general 
occurrence in all rocks that have perthitic potash 
feldspar. The dovetail structure is particularly 
distinct when seen with crossed nicols; it appears 
that alternating parts of the albitic strip between 
two potash feldspar crystals are optically parallel 
oriented to the perthite strings in each of these 
potash feldspars. Albitic rims around potash 
feldspar are never found where the latter is in 
contact with plagioclase or quartz; in many 
places quartz and plagioclase have convex 
boundaries against potash feldspar. 


The amoeba-like penetration of the ground- 
mass is observed on quartz, potash feldspar and 
plagioclase. Figure 2 illustrates the texture better 
than words can do; it is apparent that the crystal 
growth must have taken place in the solid state. 


Both features indicate that after the solidi- 
fication of the granitic magma a considerable 
change in texture has taken place by trecrystall- 
ization. The absence of large-scale thermometa- 
morphic aureoles around the intrusive masses, 
and the absence of regional metamorphism of 
even a low degree point to an intrusion of the 
granitic magmas into a relatively high level of 
the crust, and a relatively low temperature of the 
granitic melt. The wide-spread recrystallization 
or crystalloblastesis must have taken place during 
tbe relatively long period that the already solidi- 
fied magma was still hot. 


Iv. CHEMICAL COMPOSITION OF THE ROCKS 


Table Ia contains the data of the ten available 
chemical rock analyses from Billiton; the norms 
according to the CIPW system, and the para- 
meter and bases computed according to the 
system of Burri-Niggli are shown in table Ib 
and c. Some variation diagrams according to 
Niggli are presented in figure 3. 

Mention should be made here of some 
published chemical rock analyses from Billiton 
not included in table I. Samples collected by van 
Bemmelen (1940) represent an extraordinary 
suite of rocks, being a border facies of the 
group D granites containing partly assimilated 
inclusions of the country rock (which is com- 
posed of quartzite, shale, and melanocratic rocks 
probably related to the effusive volcanic rocks 
intercalated with the sedimentaty rocks). The 
analysed rocks cannot be considered to constitute 
parts of the normal igneous rocks of the island 
and hence, are omitted from the table and the 
graphs. 

The composite sample whose analysis. was 
published by Westerveld (1954), contains rock 
samples from five different places. The de- 
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| 420, leaving a conspicuous gap between the "si 
' velues 250 and 420. This gap is partly the result 
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200 Joo 400 
No. 5 IN 2 4 36 7 B-9-8-10 
Fig. 3 — Graphs according to Niggli, illustrating the relations of the ten chemically analysed samples. 
A: al— fm — c — alk: si variation diagrams. 
B: Triangular diagram with Q = normative quartz, M = normative mafic mineral, and L = normative 


leucocratic minerals. 


C: Variation diagram with mg = ratio of magnesium to total iron and magnesium, and k = ratio of potassium 


to total alkali. 


The numbers refer to the analyses in table 1; the crosses marked A and B indicate the average composition 
of gabbro and granite respectively, as computed by Nockolds, 1954 (in graph B the cross marked B coincides with 
the dot marked 8). The open circles indicate the composite analysis published by Westerveld (1954). 


scription of the localities indicates that two rock 
samples represent group D granites, two other 
rock samples are from group C adamellites, while 
the remaining rock sample either belongs to the 
group C adamellites or to the somewhat deviating 
granite placed in group D and found at the 
contact with the large adamellitic mass in south- 
west Billiton. The parameters of this analysis 
are marked on the graphs of figure 3; these 
parameters indicate an average composition in- 


deed. 


The Niggli parameters of the average of 37 
biotite calc-alkali granites and of 38 pyroxene 
gabbros, as computed by Nockolds (1954), are 
also marked in the graph of figure 3. The com- 
positions of the Billiton rocks fall completely 
within the variation marked by these two average 
rock compositions, indicating the normal proper- 
ties of the Billiton rocks. 


Graph A in figure 3 shows that seven of the 
ten rocks analysed have their plots more or less 
evenly spaced along the "si” axis berween the 
”si” values 100 and 250. The other three analyses, 
fepresenting the granitic rocks from group D, 


form a cluster of plots at a ”si” value of about 


17} 


of the system of calculation and partly a real gap; 
the weight percentages of SiOs in these three 
analyses is about 7 per cent higher than in the 
nearest analysis of the other group. The pro- 
portions of Q(uartz) - L(ight coloured minerals) 
- M(afic minerals), as plotted in the triangular 
diagram B in figure 3, show a fairly gradual shift 
of the plots from near the M apex to the Q - L 
edge, with a slight favour of the Q apex above 
the L apex. In this diagram no large gap occurs 
between the three granitic rocks and the other 
seven analysed samples. 

The SiO, content of the granitic rocks of 
group D appears to be a little high compared 
with the other rocks; this might be connected 
with the crystalloblastic phase in these granitic 
rocks, which is marked by the generation of 
quartz grains that replace all other minerals. 


V. CONCLUSIONS 


The various intrusive igneous rocks of the 
island of Billiton could represent a normal differ- 
entiation series of igneous rocks, as far as their 
chemical properties are concerned. The textures 
of the more basic rocks, however, indicate a 
complex crystallization history, while textures in 
the granitic rocks are explained by crystallo- 
blastesis or crystal growth in the solid state. 
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ABSTRACT 


This paper gives a compilation of the outstanding 
theories on the genesis of this important secondary 
ore deposit on the tin islands of Indonesia. These 
theories evolve from a fluviatile and alluvial to a 
residual genesis. 

Islands like Billiton form the elevated areas of a 
peneplane now for the greater part flooded by the 
shallow Java Sea. 

Recent authors believe that the ‘kaksa’ was form- 
ed in the last stage of a long period of denudation in 
a humid climate as a residual product of selective, 
mostly chemical erosion. On a small scale and locally, 
alluvial concentration by rivers or concentration by 
wave action on beaches may have taken place. 
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I. INTRODUCTION 


Most papers on this subject have been publish- 
ed in the Dutch language. Therefore it seems 
appropriate to. give in this special volume a 
compilation of the outstanding theories in a 
language more accessible to the international 
fraternity of geologists. 


In the hundred years of alluvial tin-mining 
by the Billiton Company several theories were 
put forward to explain the genesis of this im- 
mense natural source of tin. One would think 
that after so many years of opportunities for 
observation in so many open casts, no difficulties 


1 “Kaksa’ is the name given to the layer in which 


 cassiterite is concentrated at the valley bottoms. It 


rests directly on the bedrock and is covered by 
younger alluvial deposits. 

2 Geologist N.V. Billiton 
‚Hague. | 


Maatschappij, The 


of explaining the genesis of these deposits could 
exist. 


The literature, however, tells us another story 
and gives us a picture of sound and careful 
observation, of tendencies to generalize, of ob- 
stinacy of conviction, of the power of authority 
and thus of the failures and victories of human 
research. 


This clash of opinions, in the years after the 
first world war, caused the mining world of the 
former Netherlands East Indies to speak of a 
'kaksa’ problem, which initiated a stream of 
publications. 


This 'kaksa’, called ‘karang’ in Malay, supplies 
the greater part of the tin production of the tin 
islands of Indonesia and the Malay Peninsula. 
It is therefore not surprising that, in the search 
for new hidden reserves, from time to time the 
need was felt of a better understanding of the 
genesis of this type of ore. 

Before entering into the problems of the 
genesis of the 'kaksa’ a short description of the 
general geology of the island of Billiton and its 
surroundings seems appropriate. 


Billiton like the other islands forms an elevat- 
ed part of a large flat region flooded by the 
Java Sea. The whole region is often called the 
Sunda Shelf. Billiton is underlain by sedimentary 
rocks of young palaeozoic age. Older rocks may 
occur at Singkep. Triassic rocks are found on the 
island of Bintan near Singapore. The whole area 
from Billiton to Bintan is intruded by granites 
of Cretaceous age (H. M. E. Schürmann et al. 
(1955, 1956, 1957, 1960) which were accompa- 
nied by the tin mineralization. After orogenesis, 
uplift and denudation the area shaped into its 
present morphology. In Quarternary time a 
transgression of the sea took place by which the 
former valleys and the lower divides were filled 
with marine and fluviatile sediments. 
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II. THE 'KAKSA’ PROBLEM 


The secondary or alluvial tin deposits may be 
grouped in two types viz.: 

a. the eluvial deposits, locally named the 
'koolit’ deposits, which occupy the hill slopes 
and water sheds, 

b. the ’kaksa’ deposits which occupy the valley 
floors or at least the lower places in the 
morphology. 

There is little difference of opinion about the 
genesis of the eluvial deposits. They were form- 
ed mainly by chemical erosion in situ. Trans- 
port, if any, took place by creep. 


Such a consensus of opinion will not be found 
when studying the literature on the genesis of 
the 'kaksa. 


The problems arise mainly from two factors 
i.e. 1) the fact that the 'kaksa’ is found on the 
valley floorss or in the lower places of 
the morphology of the bedrock and 2) the special 
character of the 'kaksa’. 


The connection with the valley floors at first 
sight immediately evokes the idea of fluviatile 
transport and of concentration in the river 
channels. (See van ÖOvereem’s paper in this 
volume: The Geology of the cassiterite placers 
of Billiton, Indonesia, fig. 1.) This conception 
puts the emphasis on the transporting and con- 
centrating activity of the rivers and the truly 
alluvial or fluviatile genesis of the 'kaksa’. This 
idea is strengthened by the ‚fact that several 
times very rich 'kaksa’ was found at the con- 
fluence of two valleys. Some authors mention 
the fact that the grainsize of cassiterite diminish- 
es following a valley downstream. In many other 
cases, however, this trend could not be con- 
firmed. 


A study of the characteristics of the 'kaksa’, 
however, points in quite another direction. The 
'kaksa, in itself, is an agglomerate of 
heterogeneous components but the components 
vary with the type of bedrock. Quartz is a com- 
mon component. Amongst the heavy minerals 
tourmaline, cassiterite, ilmenite, zircon and 
monazite are the most abundant. 


In general, the components are angular to 
sub-angular in the coarse as well as in the fine 
fraction. However, in some places roundstones 
of quartz, quartzite and schorl rock, claystone 
and sandstone do occur. The fine fraction too 
may show some rounded grains in the heavy 
mineral group. 

As already mentioned the ’kaksa’ reflects in 
its components the type of bedrock on which 
it rests — bedrock is locally called ’kong’. On a 
granitic bedrock the coarse components consist 


of granite, greisen, tourmaline-pegmatite and 
quartz vein material. Very often bauxite con- 
cretions are found. Amongst the heavy minerals 
monazite and ilmenite are always present. The 
clay-fraction is mainly white kaolinite. 


On a sedimentary bedrock the coarse com- 
ponents of the 'kaksa’ consist of quartzites, sand- 
stones, schorl rock and clay stone and some- 
times, but not as a rule, ferritic concretions 
(local word krikil’). The heavy fraction 
generally contains abundant zircon which is well 
rounded. This zircon comes, however, from the 
sedimentary bedrock and had already been 
rounded during this older sedimentary cycle. 
Downstream of a granite contact mixtures of 
both types of bedrock components will occur 
over some distance. 


There is, in general, also a close connection 
between tin mineralization in the bedrock and 
the richness of the 'kaksa’. Valleys in the bed- 
rock, which run in a mineralized zone, are rich 
all along, while valleys running across the strike 
of mineralized zones show alternating rich 
stretches coinciding with the mineralized zones. 


There is a close connection between quality 
and quantity of eluvial tin deposits (koolit) 
and 'kaksa’ nearby. 


The bedrock, whether granitic or sedimentary, 
is always deeply weathered and soft, with the 
exception of quartz veins or quartzitic beds 
which sometimes form walls or cliffs. In several 
places, remnants of tree stumps and roots still 
stand in the soft ’kong'. 


The typical cylindrical holes of marine stone- 
borers (Pholas) were also found in the bedrock 
below the ’kaksa’. 


Thus the controversy was born between the 
supporters of the fluviatile alluvial genesis who 
spoke of stream tin ores and the sup- 
porters of the genesis in situ who believed in 
a residual character of the 'kaksa’. 


Ill. THE HISTORICAL EVOLUTION OF THE 
THEORIES 


In the following I will restrict myself to 
those authors who more or less represent an out- 
spoken theory on the genesis of the 'kaksa’. 
This choice does not intend to detract anything 
from the merits of other workers on this subject. 
Partly I follow here the same line as C. H. ]. 
Wilhelm (1928). 

As a representative of the ideas of the last 
part of the 19th century I chose R. D. M. 
Verbeek (1897). He was a well-known geologist 
working in the former Dutch East Indies in that 
period, a man of great authority not only within 


the national boundaries of his country. He in- 
fluenced geologicai thinking for many decades 
around the turn of the century. 


Verbeek became the exponent of the theory 
of the stream tin deposits although part of his 
ideas already lived among the engineers on the 
isle of Banka, as for instance P. H. van Diest 
(1865) and Th. Posewitz (1886). He states 
that... "the tin ore in the valleys originates 
from the primary vein deposits, the upper parts 
of which were pulverized by weathering and 
washed away, the ore particles thus suffering 
more or less transport. The valley deposits may 
thus have been transported over long distances 
by the rivers even into the sea. The longer the 
transport, the finer the grainsize and the more 
rounded the grains became”. 


It is obvious that the morphological position 
of the 'kaksa’ a priori determined Verbeek’s 


- conclusion because — truthful observer that he 


was — he recorded several observations which 
are contradictory to a theory based on concen- 
tration during transport by rivers as a main 
agent. For instance, he noticed the close con- 
nection between the type of bedrock and the 
rock components in the 'kaksa’. He recorded the 
absence of big roundstones in the ’kaksa’, which 
is only partly true and even writes that... "the 
former rivers had a small grade and the action of 
running waters causing the transport of the ore 
particles must have been very weak indeed”. 

This theory influenced thought on the genesis 
of the 'kaksa’ for at least the next twenty years, 
undoubtedly also because no need was felt for 
another theory by the mining industry. By fol- 
lowing the former riverbeds, drilling was suffi- 
ciently successful. 

If values suddenly dropped it was considered 
as bad luck, a freak of nature, a proof that 
'mining is a chance’. But when it became more 
difficult to find new deposits under thick layers 
of alluvium, thus increasing drilling expenses, 
and when the need for new ore reserves became 
more urgent, an impetus was given to new 
thought. 

The first to launch a new theory was J. Rueb 
(1915) after he left the island of Billiton. He 
opposed Verbeek’s theory of transport and con- 
centration by river action and used Verbeek’s 


own observations which are contradictory to 


transport (see above). Rueb believed that after 
a long continental period of denudation after 
orogenesis and mineralization, a thick weathering 
crust was formed. 

In spite of their little transporting power the 
tivers could locally wash away clay and sand 
and form ’kaksa’ layers of little importance 
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here and there. Especially the deposits on higher 
elevations in the interior could be explained 
this way. 

The main 'kaksa’ deposits according to Rueb, 
however, were formed by surf action during a 
transgression of the sea. Clay and fine-grained 
sand, including fine cassiterite, were washed 
away but the 'kaksa’ stayed behind. 


The encrouching sea first entered the valleys 
and eventually also transgressed the lower 
divides thus forming wave-cut benches covered 
by rubble of locally loosened rock material and 
heavy minerals. 


The 'kaksa’ therefore is a residual deposit 
formed in situ from the weathered crust by a 
transgressing sea, a marine deposit comparable 
to beach sand deposits. The marine character was 
deduced from the fact that — again according to 
Verbeek’s observations — marine shells of recent 
origin are often found right above the 'kaksa’ 
(K. Martin, 1880). 


Rueb did not mention — maybe because it 
was not known to him — the find of stone- 
borers (Pholas) in the soft 'kong’ under the 
'kaksa’ in at least two known localities, viz. at 
the foot of the Manggar Hill and in the Tebrung 
mine (district of Dendang). 


Rueb’s enthusiasm for this marine hypothesis 
made him neglect the fact that certainly marine 
fossils are not characteristic of the kaksa’ layer 
itself. On the contrary, the fossils found in.the 
kaksa’ are of continental origin, e.g. fossil fruits, 
wood and molars of elephants (Elephas Suma- 
trensis). Some fruits from the isle of Billiton are 
described by ©. Warburg (1897). The molar of 
Elephas Sumatrensis is described by Martin 
(1884). All these fossils suggest a terrestrial 
restrial facies of quarternary to sub-recent age 
(Warburg speaks of pliocene to quarternary 
age). 

In my opinion the most important aspect of 
Rueb’s theory is that he emphasizes a genesis 
in situ for the 'kaksa’ and that he gave an 
impetus to renewed geological thinking. 


At the engineering congress held in Batavia 
in May 1920, A. C. de Jongh (1920) proposed 
another theory. He attributes great importance 
to the action of creep. Under the influence of 
gravity along sloping ground, the loose material 
of a weathered crust will start moving, slowly 
but inevitably. Whatever direction they follow 
in their downward movement, these masses of 
soil will eventually reach a riverbank in a valley. 
In some cases they will reach the coast where 
beach deposits may then be formed through 
surf action. The greater part of this creeping 
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eluvial soil, however, will reach riverbanks. The 
ground will then cave into the river, rather by 
its own movement than by the action of the 
sluggishly moving waters of the rivers which 
had already lost most of their erosive power. 
The rivers will act as sluice boxes on this soil and 
wash away clay and fine sands. The coarser 
material and the heavy minerals like cassiterite 
will accumulate in situ thus forming the 'kaksa’. 


Further concentration could locally be achiev- 
ed during transgressions of the sea by tide runs 
in the drowned valleys. The latter idea had al- 
ready been expressed before by E. J. Loth 
(1919). 

The reader will notice that in this conception 
the action of water is limited again tothewashing 
away of the finer material. The action of the sea 
is secondary, occasional and restricted to certain 
areas only. 


The 'kaksa’ is a terrestrial formation in 
general, transport of material to any considerable 
extent is exercised by creep only. Geological 
thinking is inclining to a residual genesis under 
certain geomorphological circumstances. A very 
mature landscape is needed. 


The following advocate of a residual genesis 
was N. Wing Easton, (1919, 1925, 1937) who 
introduced two new factors to explain the genesis 
of the 'kaksa’, i.e. 


1. the formation of primary mineralization at 
or at least very near to the surface; 


2. an arid climate in quarternary times pre- 
ceded by a more humid climate and followed 
by the present humid tropical climate. 


He assumed that the present morphology of 
the Sunda Shelf, of which the tin islands- forın 
the higher parts, already existed before primary 
mineralization took place. During mineralization 
tin bearing solutions crystallized at or near the 
surface in joints and fissures of existing granises 
and sedimentaty rocks. 


After this happening (Tertiary?) in quar- 
ternary time the whole area rose above sea-level 
and the climate changed from slightly humid 
to arid. Under these desert conditions weathering 
deeply penetrated the exposed rocks. The wind 
blew away fine dust and sands into the sea thus 
widening the valleys and leaving behind coarse 
and less weathered components of the under- 
lying rocks and, of coutse, the heavy resistant 
minerals like cassiterite. But also fossil wood, 
fruits and resins, signs of a former more humid 
climate, were left behind. 


In more recent times the climate changed to 
its present character and the sea-level rose. Thus 


younger fluviatile and marine sediments covered 
the former desert surface. 


According to Wing Easton this theory best ex- 
plains the main characteristics of the 'kaksa’ 
such as: 


1. The main ore bed, the 'kaksa’, generally also 
the only one present, invariably lies directly 
on the bedrock. 


No distinct traces of former river gravel have 
been found between the 'kaksa’ and te 
bedrock. 


2. the bedrock, whether granitic or sedimentary, 
is always strongly and deeply weathered. 


3. The 'kaksa’ consists for 80-95 % of sharp- 
edged to sub-angular small quartz crystals or 
fragments of quartz. 


There occur accidental admixtures of round- 
ed lumps of kaolin and bauxite, big trans- 
lucent quartz crystals up to some decimeters 
ın length, clusters of resin, fossil wood, logs, 
fruits and, exclusively in some valleys in 
Billiton, the peculiar vitriform bodies 
(tectites) known as Billitonites. 


4. The 'kaksa’ as a whole is an unsorted and 
incoherent mass. 


5. These secondary ores are intimately related 
to veinlets containing cassiterite in the gra- 
nite or old sediments. Thus they are restrict- 
ed to areas underlain by granites and to a 
strip in the old sediments around such gra- 
nites, specifically so on the isle of Banka. 
On the isle of Billiton zones of secondary 
deposits occur also in the areas of the sedi- 
ments and corresponding to their general 
strikes. 


Wing Easton studied these ore deposits per- 
sonally during short visits and, apparently, was 
deeply impressed by the barren outlook offered 
by the weathered bedrock after the 'kaksa’ had 
been taken away during exploitation. 


This facet in my opinion evoked the idea of 
arid conditions which Wing Easton connected 
to the climatic conditions during the quarternary 
times. 


The present morphology of the Sunda Shelf, 
the peneplane, needed a longer period of de- 
nudation than the quarternary period could 
offer, and, for this reason was considered to be 
much older. The concentration of cassiterite in 
the 'kaksa’ in a short arid period had to be 
explained by assuming enrichment of primary 
mineralization in a thin layer near the surface. 
In this way only some tens of meters of 
weathered crust were sufficient to produce the 
present enrichment. It is rather amazing that 


Wing Easton (1937) clung to this complicated 
theory till 1937 although he was well aware that 
strong opposition against these ideas existed. 

The main value of his theory lies in the fact 
that he believed in the terrestrial and residual 
character of the 'kaksa'. j 

A more logical explanation for this terrestrial 
and residual character in my opinion was offered 
by J. W. H. Adam (1932, 1933), chief geologist 
of the Billiton Company from 1925 to 1953. 

Adam defined the 'kaksa’ genetically as fol- 
lows: 'Kaksa is the detrital ore deposit which is 
formed in the valleys solely by humid denudat- 
ion in a very late stage of the cycle of erosion, 
the so-called rock-floor-stage.' 


In this definition Adam follows the geomor- 
phological conception of W. M. Davis (1930). 

The end phase of denudation in a humid 
-climate has been decisive for the formation of 
the 'kaksa’. Denudation has reached the stage at 
which 


1. there was only little cover of detritus, which, 
in an earlier stage, when the running watess 
had more force, was carried away; 

2. there was transport of 
detritus; 

3. formation of new detritus took place very 
slowly; 

4. grade of rivers was such that their running 

waters could just manage to transport the 

detritus formed; 

relief of the land was almost flat; 

6. the bedrock was deeply weathered because 
chemical activity greatly exceeded mechanical 
erosion; 


7. the influence of creep became apparent. 


only very little 


N 


These features characterize the last phase of 
denudation, the peneplane. All peculiarities of 
the 'kaksa’ deposits can thus, according to Adam, 
be easily explained. This theory is also in 
harmony with the other geological circumstances. 


Adam points out that concentration of detrital 
ore deposits can only occur in two ways, i.e. 
alluvial or residual. He defines alluvial con- 
centration as selective sedimentation and residual 
concentration as selective erosion. 


In the first erosional stages of a cycle of 
denudation conditions are favourable to alluvial 
concentration in the lower courses of the rivers. 
In the final stages conditions will favour residual 
concentration in the upper courses of the 
Streams. 

Molengraaff (1919) already explained the 
morphology of the Sunda Shelf as representing 
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the last stage of a very long period of denudat- 
ion, a peneplane. This peneplane was subjected 
to transgressions of the sea, the present Java Sea, 
so that only the higher parts with the upper 
stream courses were left dry thus forming the 
present islands. 


Under these geomorphological circumstances 
Adam’s line of thought unavoidably leads to 
accepting a residual character in general for the 
'kaksa’ deposits on the tin islands. 


Great merit goes to Adam for his clear de- 
finitions and for his lucid explanation of the 
connection between the geomorphological his- 
tory and the genesis of this important tin pro- 
ducing deposit. 

The basic principles laid down by him have 
been proved valid and extremely useful as a 
general guide for finding new ore reserves in 
the coastal areas of the isle of Billiton. 


In the years after the second world war a 
team of young geologists was put to the study 
of the 'kaksa’ in order to promote scientific 
prospecting for new reserves of 'kaksa’ deposits 
off the coast of the island. Some results of this 
work are discussed in this volume by A. J. A. 
van Overeem. 


Although, in detail, slight changes to the 
residual theory in general may be needed, no 
fundamental changes in the basic principles were 
necessary. 

In the fore-going we have seen that slowly, 
but inevitably, the theories on the genesis of the 
kaksa’ developed in the direction of a residual 
genesis because, in this way, the peculiar charact- 
er of the 'kaksa’ can best be explained. Through 
detailed study of this deposit its genesis is best 
understood. 

Therefore, it is amazing that the mining 
engineers and geologists of the nineteenth cen- 
tury should have overlooked or ignored what 
was said about the 'kaksa’ by C. de Groot 
(1887), former director of the Mines Depart- 
ment and general manager of the Billiton Com- 
pany (1866-1871). 

This excellent observer expressed his opinion 
on the 'kaksa’ as follows: 

‘We may... well come to the conclusion that 
the layers of stream tin ore, 'kaksa', resting on 
dead ground, 'kong’, on Blitong, generally have 
been formed from weathered rocks which were 
located where now the 'kaksa’ is found, in 
which rocks the tin ore primarily occurred... 
this applies to the oldest stream tin ore deposit. 
.. that the youngest stream tin ore deposit on 
the island, the 'koolit ore’ has the same origin 
and, although it underwent some transport this 
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tin deposit too has not been moved over a 
horizontal distance of any importance after it 
was liberated by weathering from the rocks in 
which it was primarily formed.’ 

Thus we learn that one of the first observers 
already recognized and clearly described the 
residual character of the ore. 


IV. CONELUSION 
- The present more or less accepted opinion 
on the geological history of this area and the 
genesis of the 'kaksa’ may be summarized as 
follows. 


The old sediments along the belt of the tin 
islands were formed in young Palaeozoic till 
Upper Triassic. They consist of sandstones and 
quartzites, clay and silt-stones locally inter- 
bedded with conglomerates, limestone and 
effusive igneous rocks (spillites). 


These series were subject to orogenesis and 
intruded by granites before the Tertiary. 


Most probably the last phase of granitic in- 
trusion was accompanied by mineralization oc- 
cutring on both sides of the granite contacts, 
but also in well-defined zones in the sediments, 
which were mineralized along bedding planes, 
faults, fissures and joints. 


The orogenic zone was uplifted and in the 
beginning of the Tertiary most probably re- 
presented a long mountainous belt extending 
from Borneo to the north of Birma. 


A long period of denudation followed which 
lasted at least till the Quarternary and resulted 
in the peneplanation of the southern area of 
the range, a part of the present Sunda Shelf. 


The sediments filling the tertiary geosynclinal 
belt of Sumatra, Java, etc., may be explained by 
the denudation of the tin zone. In the latest 
phase, denudation even reached the deep zone of 
the granitic intrusions and the zone of 
mineralization. 


This geomorphological cycle had now almost 
reached its last stage in which virtually all 
detritus ‘in transit' had been washed away and 
chemical weathering dominated the mechanical 
erosion. The 'kaksa’ deposits could now be form- 
ed. Where remnants of earlier alluvial accumulat- 
ions (gravels, etc.) still existed they were em- 
bedded and preserved in the 'kaksa’ in the form 
of rounded grains and pebbles. 


In places, undoubtedly alluvial concentration 
still took place. With sudden heavy rains the 
flooding rivers may have transported fine and 
even coatse grained cassiterite. But, in general, 
residual concentration was the main agent for 
the genesis of the 'kaksa’. 


On the higher parts creep and collapse®) 
were the main forces in forming the eluvial 
deposits. 

The tectites (Billitonites), if of cosmic origin, 
must have fallen at the end of this period, be- 
cause they were found in the 'kaksa’ or right on 
top of it. It is interesting to know that recent 
dating of these Billitonites by the Potassium- 
Argon method by W. Gentner and J. Zähringer 
(1960) gave an age of approximately 570,000 
years, G. H. R .von Koenigswald (1960) men- 
tiones 400—500.000 years, therefore middle 
Pleistocene. 

At about this time, the sea transgressed the 
Sunda Shelf causing the formation of top set 
beds of fluviatile and marine facies. These young 
sediments filled the old valleys and even cover- 
ed the low divides between these valleys. Locally 
the transgressing sea reworked the existing 
'kaksa’ and formed a kind of beach deposits. 

While the valleys were filled, material from 
the valley slopes may have been washed into 
the river beds. In this way cassiterite may have 
entered the young alluvials forming intra for- 
mational ore beds. 


It is likely from recent work that the trans- 
gression was interrupted by one or more re- 
gressions (see van ÖOvereem in this volume). 
Such a regression may explain the interbedded 
tin deposits by assuming that they were formed 
through residual concentration by meandering 
rivers incising their own sediments through 
lowering of the base level of erosion. 


In studying this literature it is surprising to 
notice how already in 1887 de Groot recognized 
the residual character of the 'kaksa’. However, 
his findings remained unknown or were ignored 
by later workers probably because he published 
his Memoirs of Billiton’ 17 years after he had 
left the island and by that time he was already 
forgotten. 

Wing Easton (1925) again mentions 
his name but the fluviatile alluvial theory had 
then already lost much of its appeal and geo- 
logical thinking had returned on the road in- 
dicated by the man who led the Billiton Com- 
pany through its teething troubles. 
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ABSTRACT 


The old Sunda peneplain was dissected at least 
twice in the Pleistocene as a consequence of eustatic 
movements of the sea level. The cassiterite already 
was accumulated to a considerable extent in the 
valleys before the dissection took place. The bottoms 
of the senile rivers were covered by a residual coarse 
debris which was derived from a kaolinised bedrock, 
abundantly traversed by small veins of quartz. 

This layer of debris was not removed and, there- 
fore, protected the cassiterite against transportation. 
It, „furthermore, quickly caught the cassiterite that 
was conveyed by the rivers and the valley walls. On 
land a high terrace (# 18 m M.S.L.) and a low ter- 
race (# 6 m M.S.L.) are distinguished in the alluvial 
plains. The submarine continuations of the rock floor 
valleys show a break of slope. Two submarine erosio- 
nal platforms were found at 20 m depth and at — 
30 m M.S.L. 
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I. INTRODUCTION 


The present paper attempts to analyse and to 
compile the available geological data of Billiton, 
Indonesia, to arrive at some conclusions as to the 
conditions of deposition of the placers of cassi- 
terite. 


I N.V. Billiton Maatschappij, The Hague. 


Billiton is one of the elevated areas of the 
submerged Sunda platform, an old plain of de- 
nudation, It is a part of the continuation of the 
Malayan orogeny towards the SE which is re- 
presented by a series of islands: Rhio Archi- 
pelago, Lingga (Singkep), Banka and Billiton. 

An igneous series intruded the old mountain 
range on a very large scale bringing along a tin 
mineralisation, which extends from China in the 
north to Billiton in the south. 


According to Molengraaff (Molengraaff and 
Weber, 1919) the Sunda shelf emerged above sea 
level during the Pleistocene. The course of large 
Pleistocene rivers can still be traced on the sea- 
bottom, indicating a former extension of the 
Sunda land as far as 600 km both to the east 
and to the north. When the old land submerged 
the rivers aggradated to a considerable extent. 


The deposits of cassiterite of Billiton have to 
be divided in primary deposits, eluvial deposits 
and valley-placers. As far as known tin occurs in 
the mineral cassiterite only. 


The geological investigations that were carried 
out at Billiton in the last decennium rendered 
much data but all the same it became clear that 
a complex Pleistocene history has to be unravel- 
ed and must be applied to the separate deposits 
before a satisfying insight can be obtained in the 
genesis of these deposits. As yet we did not 
succeed to complete this task. 


It will be noted that our opinion about the 
genesis of the tin placer deposits of Billiton, set 
forth below, does not deviate essentially from 
Dr. J. W. H. Adam’s views which were publish- 
ed in 1932 and 1933. 

The investigations were carried out for reasons 
of economy. Therefore, assembling of data and 
elaboration of results only were accomplished as 


far it was considered useful for the economic 
geology. 

The data used for this study, have been ga- 
thered by Dr. J. W. H. Adam, Dr. G. L. Krol, 
Dr. W. Valk, L. J. Fick, Dr. G. J. J. Aleva, T. van 
der Zee, Dr. G. Zijlstra, G. van der Wegen, A. 
E. Escher, J. P. Snoep, A. C. Botman and by the 
author in the years between 1948 and 1959. 


II. BASEMENT ROCKS 


The basement of Billiton consists of a sedi- 
mentary series of Permo-Carboniferous age in- 
truded by a Cretaceous series of granites, grano- 
diorites, adamellites (type II - fig. 1) and grano- 
gabbros. A muscovite-biotite granite is consider- 
ed to be the source of the tin-mineralisation (type 
I, fig. 1). Age determinations of these rocks were 
accomplished by Schürmann et al. (Schürmann 
1957) by means of the mica Rb-Sr method using 
the pleochroic haloes in feldspar (155.106 years 
+ 6%) and by analysing the lead isotopes in 
galena (105.106, + 50.106 years). An age deter- 
mination was also carried out in monazite from 
Singkep which gave 140.106 + 25.106 years for 
a granite of the same intrusive event. 

The petrology of the igneous series is dealt 
with by Aleva in another paper of this volume. 
It will suffice to mention that the most impor- 
tant accessory minerals are euhedral fine grained 
zircon (75 #), ilmenite and monazite. The med- 
ian grain size of the quartz is about 2000 u. 

The sedimentary series consists of alternating 
sandstones, siltstones, shales and tuffaceous sedi- 
ments. The grains of the sandstone often are 
very well rounded but in more arkosic types 
(‘'graywackes’) they may be more angular. Fine 
grained purple zircon (100 u) is always extre- 
mely well rounded. Graded bedding is observed 
frequently, current bedding in siltstones (with 
isoclined lamellae) not so often. Sometimes criss- 
cross bedding occurs in sandstones. Phenomena 
indicating slumping are found everywhere. In 
two locations narrow intercalating monomykt 
conglomerates were observed. In one of these 
places (fig. 1. wa - zı, a) the.well rounded peb- 
bles consist of quartzite, in the other (fig. 1, 
wı3 - Ze, b) they are an acid granite. Such 
pebbles of older granite were noted previously 
outside Billiton by Scrivenor, Bothe, Brouwer and 
de Roever. This older granite is not exposed in 
Indonesia. 

Frequent abrupt pinching out of the sandstones 
and the abundancy of slumping structures reveal 
a rather particular condition of sedimentation in 
which turbidity currents may have played an 
important part. These conditions must have pre- 
vailed for a remarkably long period of time. In 
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the north two or more zones containing chert 
layers are intercalated. Several of these cherts 
contain radiolaria. In the northwest of the island 
some layers of marbly limestone occur. Further- 
more a pillow lava accompanied by tuffaceous 
rocks is found in a concordant position, probably 
a spilite. 

The strike of the sedimentary series is about 
N110°E. By examination of graded bedding, cur- 
rent bedding and secondary folding (dragfolding) 
in many locations in the east of Billiton it was 
found that probably we have, essentially, a mo- 
noclinal structure the sequence of sedimentation 
being from south to north. In the south the 
strata dip steeply (70°) to the north; in the NE 
of the island they are overturned and thus dip 
steeply to the south. In the other northern areas 
the position is vertical or the dip is steeply to 
the north. 


In the southeast (fig. 1, wg - z3, c) dating was 
made possible by the discovery of a cassiteritised 
ammonite Agathiceras sundaicum Han. (Krui- 
singa, 1950) indicating a Lower Permian age. 
Some 71; km south of this place (fig. 1, wg - 
z4, d) vague remnants of plants were found. 
They were tentatively determined by Jongmans ? 
to belong to the Cathaysia (Gigantopteris) flora 
indicating Upper Stephanian. In the NW of 
Billiton (fig. 1, wıı - ng, e) some ill preserved 
Fusulinae were found in a limestone. Possibly it 
concerns Fusulina schwagerina which would indi- 
cate a Middle Permian age. 


Although the palaeontological data are scarce 
the general picture is in agreement with the con- 
clusions of the sedimentological and micro-tec- 
tonical observation. Folding of minor amplitude 
does occur but it does not interfere with the 
basical monoclinal structure, 


Thus the remarkable conclusion would be, as- 
suming an average dip of 70°, that the total 
thickness of the Permo-Carboniferous sediments 
would be 60 km at least. However, the depth of 
the basin of sedimentation would not necessa- 
tily be 60 km, if a primary slope of sedimenta- 
tion is assumed. 


Both the sedimentary and the intrusive ser- 
ies are abundantly traversed by veins of quartz 
which may have a magnitude of several meters 
but which more frequently are of some centi- 
meter-thickness. 


The basement rocks are intensively weathered 


to a depth of 50 meters and more, below the 
surface. Outcrops of fresh rock may occur on the 


2 Communicated in a letter to the N.V. Billiton 
Maatschappij. 
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hills. This weathered crust is incised by rivers. 
The valleys only cut the upper portions of the 
weathering profile. 


III. MORPHOLOGY 


Billiton is a very flat island. It comprises a senile 
landscape occupied by very gentle hills of about 
30 meters above Mean Sea Level (M.S.L.) and by 
alluvial plains. The majority of the somewhat 
higher hills (up to 500 m above M.S.L.) have to 
be considered as monadnocks due to superior 
hardness. 

The large river mouths are characterised by 
estuaria which must have been put in place by a 
rise of the sea level. 

On the eastern coastline extensive alluvial 
plains have developed. On the same coast the 
mouth of the largest river (Sei Lenggang) is 
found. Such extensive alluvial plains do not oc- 
cur on the other coasts. The character of the 
river pattern is predominantly subsequent; some 
main rivers are transvers. Some tributaries on 
granitic bedrock may be superimposed from ori- 
ginally subsequent rivers. 


IV. DIVIDES 


The weathering profile is represented in ta- 
ble I. 


Usually the cap of decomposed rock (3-6, table 
I) is thicker on shale than on sandstone and gra- 
nite. This applies especially to the layer of late- 
ritic concretions. 


Mapping of the basement rock was carried out 
looking at the colour of the soil and subsoil and 
by sampling the sands at the surface, subse- 
quently examining the quartz grains of the 
sample. The well: rounded grains of zircon of the 
sedimentary series as contrasted to the prismatic 
zircon of the intrusive rocks also was a means of 
determining the type of basement rock. 

In the zone of kaolinised basement (table I, 2) 
all minerals except quartz and some less abun- 
dant resistant minerals are completely altered into 
kaolinite. At the same time all megascopic and 
even microscopic structural details have been 
preserved. Hence the process of kaolinisation has 
not involved a change of volume, which explains 
why no appreciable secondary concentration of 
cassiterite occurs in the kaolinised basement rock. 
It is not yet certain whether all of this enormous 
process of pseudomorphosis is due to weathering. 
It may be that some kaolinisation is effected by 
hydrothermic post-instrusive actions. 

As contrasted to the lower parts of the weathe- 
ring profile the rocks did suffer an important loss 
in volume in the upper section (table I, 3-6). 
Consequently, cassiterite may be concentrated in 
these layers. The rate of concentration usually 
increases towards the surface. 

The disintegration of the consolidated base- 
ment rocks is due to chemical erosion (Aleva, 
1956). Clay minerals are dissolved in ground 
water and carried off. The residue mainly consists 
of quartz, accessory resistant minerals and hy- 
drated oxides of iron and alumina. Probably the 
cause of the accumulation of iron in the weather- 


TABLE I 


bassement sandstone 


(6) bleached sand 0 — 02m 


(5) brown argilla- 
cious sand 

ad Su LEBE EN TEEN FE... 

(4) lateritic concre- 
tions in matrix 
of argillacious 
sand 


0— im 


(3) amorphous detrital | red argillaceous sand with 


sandy clay red or white with 


basement granite 


basement shale 


0 — 02m coarse, angular 
0 — 0,2 m 

ER coarse, angular 
z 0—'1m 
1—- 4m 0— 1m 


clay with coarse angular 


some lateritic concretions |red ’flame’ structure and| quartz, red or white and 
02 — 3m some lateritic Concretions with some lateritic 
1-4 m concretions 
"'1—4m 


(2) kaolinised basement rock 0—>50 m 


(1) unaltered basement rock 


ed layer is not restricted to a residual process. It 
may very well be that iron is conveyed by pre- 
cipitation because of oxidation of iron dissolved 
in ground water. The soutce would be the under- 
lying kaolinised basement, which shows a de- 
crease in iron content as compared with the fresh 
rock. Further bacteria may have played a part in 
the concentration of iron . 


The shales are decomposed more rapidly and 
therefore lower in the profile than the sandstones 
which ascend farther towards the surface. Usual- 
ly the sandstones in the upper half of the wea- 
thered crust also are completely disintegrated. 
In alternating successions of sandstone and shale 
the selective dissolution of the shales leads to a 
collapse of the disintegrated sandstones (fig. 2A). 


The strata are bent independently of the slope 
of the valley wall. We wil use the term Collapse 
to designate this type of weathering profile. It 
has to be distinguished from Creep (‘Hacken- 
wurf’) (fig. 2B) which is the displacement of the 
disintegrated rock along the valley walls as a 
consequence of gravity. Creep always is down- 
slope, Collapse may be downslope or upslope 
depending on the original dip of the strata 
(Adam, 1932-33). 


Collapse 


Creep 
Fig. 2 


(after Davis ) 


The process of chemical denudation is extrem- 
ely slow and its characteristics will be apparent 
only if not obscured by mechanical erosion. 
Therefore, this type of erosion can be observed 
in senile landscapes only. 


In a maturing landscape the slope of the val- 
ley walls will decrease gradually, Hence the ca- 
pacity of the walls to feed the rivers with debris 
will diminish. 

In one location (Mang, Lenggang, fig. 1 W; - 
Za, f) it has been established that in the present 
morphological stage the valley wall does not con- 
tribute any more to the cassiterite contained in 
the valleys. The wall has become too flat to ef- 
fect mechanical transportation of solid matter of 
the sand fraction. In this place bedding veins 
are found in the basement rock which bear a 
residual concentration of cassiterite at their out- 
crops. A careful sampling of the weathered layer 
has shown that the cassiterite does not feather out 
downslope as far as the river (fig. 3). Examina- 
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tion of the Collapse and the study of the rate 
of concentration in successive levels of the 
weathered layer allowed to estimate that a volume 
of basement rock of about 30 meters was used in 
the formation of 3 or 4 meters of weathered crust 
(layers 3-6, table I). 

In the profile of figure 3 it can be seen that 
Collapse is preceded by Creep as is indicated by 
the distribution of fragments of the magnetite- 
quartz-cassiterite bedding veins in the layer of 
lateritic concretions. 

Because in this profile Collapse appears to have 
taken over from Creep it is concluded that in 
this place Creep ceased to be an agent for trans- 
portation of coarse grained solid matter. Of 
course, it could be imagined that some fine 
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Fig. 3 — Tranverse profile of the Mang valley wall. 


grained cassiterite as yet is transported by rain 
wash but in view of the gentle slope and the 
dense vegetative coverage it is not thought that 
an appreciable amount of cassiterite can be trans- 
ported to the valley in the present morphological 
stage. 

In another place (gn. Manggar, Manggat, fig. 
1W,-Nj, 8) large blocks of magnetite from a 
bedding vein located in the foot of a hill were 
traced by Adam (1932-733) hundreds of meters 
uphill, indicating that some veins originally ex- 
tented far above the present surface. 


Fig. 4 — SSW-NNE section Gn. Manggar. Sa = 
sandstone; Sh = shale; C = outcrop magnetite-cas- 
siterite bedding vein; residual debris of this vein is 
found over C-P. After Adam (1932, 1933). 


In order to explain the large amounts of cas- 
siterite accumulated in the valleys it must be as- 
sumed, however, that cassiterite from the divides 
was conveyed to the valleys in a more juvenile 
stage of the cyclus of erosion when the divides 
were higher and the slopes of the valley walls 
were steeper. Creep may have been an important 
agent, in that period. 
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V. SVALLEYS 


The selection of the mining method to be ap- 
plied in the exploitation of the deposits is princi- 
pally determined by the depth of overburden, 
watersupply and altitude. 

In the upper valleys the tin is usually mined 
by hydraulicking in open pits, while in the lower 
stream valleys, on the alluvial plains and at sea 
dredges are used. For this reason, whilst the geol- 
ogy of the upper valleys can be studied by 
visual examination, in the lower valleys and at 
sea indirect observation has to be applied, i.e. 
by studying drilling logs and by examining the 
loads of the buckets of the dredges. 


With the exception of the extreme upper cour- 
ses (above + 40 m M.S.L.) the rivers have ag- 
gradated to a considerable extent. The bedrock 
always is covered by overburden varying in 
thickness from some decimeter in the upper val- 
leys to 40 meters downstream. 

As contrasted with the present accumulative 
nature of the valleys and the very mature cha- 
racter of the divides the shape of the rock floor 
valley gives evidence of a sharp incision by the 
‚tivers into basement. The upper course bedrock 
valleys have a simple incised shape (fig 3 and 
8). In the steep portions of the valley walls, the 
upper Jlateritic half of the weathered crust has 
been cut off sharply, and the rivers have en- 
trenched into the layer of kaolinised basement. 
By this condition it is indicated that the kaolini- 
sation of the basement rock is older than the 
latest incision of the rivers into bedrock. The 
same conclusion follows from detailed observa- 
tion of the valley floor: selective erosion of the 
kaolinised portions (shales etc.) as contrasted 
with protruding resistive parts (quartzites). 
Furthermore trunks are found in the soft bedrock 
which sometimes are pin roots penetrating per- 
pendicularly. As these roots are cut off at the 
interface between overburden and bedrock it is 
evident that they are older than the overburden. 
Smaller irregular root channels also occur. They 
have been filled in by quartz and cassiterite after 
decay of the roots. 


Following the valley downstream the simple 
entrenched shape remains a general feature until 
the bedrock bottom has reached the level of 
about == 0 meters M.S.L. The overburden then 
has a thickness of about 7 meters. Gradually, as 
the entrenched valleys become wider, the old 
stream courses begin to split up. This develop- 
ment is continued farther downstream leading 
to a very complex topography within the val- 
leys. Sometimes entrenched meanders with cut 
off spurs are met with, but more generally the 


old river courses have the character of entrenched 
braided river systems. The gullies split up in 
many branches which may join again soon or 
which may run parallel for kilometers. 

As contrasted with the very mature landscape 
of Billiton as an entity, the bedrock topography 
within the downstream valley systems is of a 
youthful nature. The separate gullies of the 
braided rivers become deeper downstream (up 
to 20 meters) and have steep walls. 

It follows that here we have a rejuvenation 
which in the upper and middle courses of the 
rivers was limited to the valleys, and which was 
not extended very far beyond the valley systems, 
leaving undisturbed large areas of the original 
peneplain surface. Downstream, however, rem- 
nants of the primary peneplain surface are rare. 


The buried valleys farther downstream can be 
traced offshore. They have been investigated by 
drilling and recently by means of a sonic geo- 
physical technique, which is described in another 
paper of this volume. In some areas the sub- 
marine valleys are investigated as far as 20 km 
offshore. 

Usually the lengthwise profile of the valley 
floor is not the graded line which very mature 
rivers are supposed to take on. Very often 
the profile shows a series of steps. Comparison 
between the profiles does not indicate the flat 
floor sections to have common altitudes. Thus 
it may be assumed that most of these steps are 
due to local barriers, i.e. hard layers of basement 
rock traversing the river channels. The down- 
stream grades are about 1: 1500. 

The profiles have one common break in slope, 
however. A considerable increase of grade ap- 
pears in the far downstream submarine sections. 
In some areas (e.g. Telok Padang, fig. 1 W8 - 
N8, h and Sengkeli, fig. 1 Wjs - N8, i) the val- 
ley floor steps down from -10 m M.S.L. to -45 m 
M.S.L. with a slope of about 1:100. In other 
instances the valley floor steps down from -28 m 
M.S.L. to -55 m M.S.L., also with a slope 1: 100 
(Telok Pring, fig. 1 Wa - N,, j). 

From the general character of the basement 
rock topography in these areas it is probable 
that it concerns a headward erosion (fig. 4) 
which for some reason was not continued farther 
inland. 


VI. SECONDARY DEPOSITS OF 
CASSITERITE 


In figure 1 all known valley deposits and 
eluvial concentrations of tin ore are put on a 
map which also shows the outlines of the in- 
trusive basement rocks. 
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-58.000 


Sonic map checked by drill holes of submarine valleys, Sidjuk, Billiton. 


Scale 1:25.000 


Coral 300) Contour lines bedrock 


22897 Dill hole and altitude bedrock 


Fig. 5 


In the eastern part of Billiton a belt of placer 
deposits appears to run parallel (NNE) with a 
similar belt in the southwest. These belts more 
or less coincide with series of outcrops of in- 
trusive rocks. Furthermore the valley deposits of 
cassiterite appear to be preferentially located on 
contacts between granite (type I, fig. 1) and 
sedimentary rocks as it is shown by the southern 
and north-eastern contacts of the large granite 
massive of NW Billiton. On the same granite 
a zone of valley placers is found along the dia- 
gonal. The complex of placer deposits of Telok 
Pring (fig. 1, W3 - Ne,; k) and in the valley 
debouching in this bay, is closely linked up with 
a large WNW-fault zone which is known to 
be mineralised at the SW end (Klappa Kampit 
deep mine). 

From this map it also appears that eluvial 
deposits are located almost exclusively in the very 
neighbourhood of valley deposits. 

The main part of the cassiterite of the valley 
deposits 'occurs in a layer of 0,01—2 m thick- 
ness immediately overlying the basement rock. 
Characteristically, the layer consists of angular 
coarse debris (fig. 6) the majority of which is 
vein quartz in a matrix of sand and much kao- 
lin. On sedimentary bedrock a large part of the 
coarse fragments may consist of sandstone which 
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may be well tounded or not depending on the 
rate of weathering of the basement. Sometimes 
well rounded quartz pebbles are found which 
probably are inherited from older river beds. The 
majority of the s.c. Billitonites (tectites) is found 
in these valley bottoms. The name given by the 
local miners to this ore bed is 'Kaksa’. 

Wood fragments often are embedded in the 
Kaksa layer. A radio-carbon dating was perform- 
ed by Professor de Vries of Groningen Universi- 
ty. The indicated age was older than 50,000 years. 

The source of the angular coarse debris pre- 
dominantly is the underlying basement rock as 
may be concluded from the good correlation of 
the nature of these fragments and bedrock, putt- 
ing aside vein quartz. 

The cassiterite contained in this bed often is 
coatser in the lower half than in the upper por- 
tions. Large crystals or agglomerates of cassiterite 
may be sticking to the surface of the kaolinised 
bedrock shales. 

The cassiterite may be black, red, brown or 
yellowish green. It appears that the colour greatly 
depends on the geological position of the pri- 
mary deposit. The very dark drown or black cas- 
siterite showing a distinct pleochroism in thin 
section (Z = red, E — colourless) originally 
was deposited in the granite or in: veins and 
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pegmatites within the granite. This type of cas- 
siterite may be distinctly magnetic. The brown- 
red or yellowish green cassiterite has no or a 
weak pleochroism. This type of cassiterite may 
be derived from veins in the sedimentary series. 
Not all cassiterite which originated in the gra- 
nite has distinct pleochroism but the reverse 
is true: the cassiterite of the sedimentary roof 
hardly ever shows a marked pleochroism. It is 
assumed that the pleochroic cassiterite is of a 
high temperature origin while the second type 
would indicate a relatively low temperature. 

The median grain-size of the cassiterite varies 
from 200 u to 1000 u. 

The occurence of other heavy minerals in the 
ore layer depends to a great extent on the type 
of the underlying basement rock. Figure 7 is a 
qualitative representation of the abundances of 
the heavy minerals as connected with the charac- 
ter of the bedrock. 


Marcasite and siderite are of secondary origin. 
Zircon is always very fine grained (100 u). On 
sedimentary basement rock the zircon is always 
extremely well rounded and of a purple colour. 
Without any doubt this type of zircon is derived 
from the sedimentary basement where it occurs 
in the layers of sandstone and siltstone. On gran- 
itic bedrock the zircon is angular (prismatic) 
and colourless corresponding with the type of 
zircon found in the granite. 

It goes without saying that galena and arseno- 
pyrite cannot have been transported over a long 
distance. 


Other heavy minerals which are not referred to 
in figure 7, are magnetite, haematite and goethite. 
Magnetite is relatively rare if compared with 
the frequent occurence of this mineral in veins. 
This is easily explained by the comparatively 
slight resistance of magnetite against weathering. 


Fig. 6 — Bottom layer of coarse angular debris (’Kaksa’), Bankuang, Manggar, seen from above. Cemented 
by iron hydroxides ("Thet si koy’). Coarse components consisting of sandstone (partly coloured by iron) 
and of vein-quartz. The majority of the larger fragments is angular. The smaller ones may be rounded. The 
interstices are filled in by an ill sorted sand containing cassiterite. The underlying basement rock consists of 
the same sandstone (alternating with shales) traversed by many veins of quartz. 
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with the nature of the bedrock. 


In some places sillimanite was found in the 
Kaksa layer. 


All these minerals, including cassiterite, have 
a very angular shape. The extreme roundness of 
zircon on sedimentary basement has been explain- 
ed above. 


In some lower stream sections and in over- 
burden the cassiterite may show some signs of 
transport, i.e. the sharp corners of the irregularly 
shaped particles may be somewhat rounded off. 

Coarse-grained cassiterite (> 1 mm dia) often 
shows well developed crystal faces but fine- 
grained cassiterite usually has an irregular shape. 
The same relations may be observed in the cas- 
siterite-bearing veins. 


The faces of large crystals are often striated 
due to oscillatory combination of crystal faces. 
The striae sometimes tend to produce rounded 
faces: It further should be noted here that agglom- 
erates of crystals of cassiterite in veins some- 
times have a perfect round shape. 


In the thin ore bed a very considerable rate 
of concentration must have taken place. A not 
very rich Kaksa has a tin content of about 3 %. 
The overall tin content of the large block of 
basement rock enveloping the deep mine of Klap- 


pa Kampit is about 0.006 %. Thus if all of the 
mineralisation of Billiton would have been as 
intensive as in the Klappa Kampit complex 
(which is not the case) the rate of concentration 
would be in the order of magnitude of 1: 500. 
As the rate of mineralisation of the Klappa 
Kampit area is an extreme one and taking into 
account the losses of fine-grained cassiterite 
which undoubtedly have taken place during the 
process of concentration in the valleys (see be- 
low), it can be said safely that thousands of 
cubic meter of basement rock were disintegrated 
and carried off to obtain one cubic meter of 
Kaksa layer. It may be assumed that the main 
portion of this material was conveyed laterally by 
the valley walls. 
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There is no doubt that the separation and con- 
centration of cassiterite has been made possible 
by its high specific gravity. 

It can be shown that the cassiterite was not 
concentrated by free settling in streaming water 
(principle of 'gleichfälligkeit) but rather by 
hindered settling within the river bed. If the 
concentration after some fluviatile transportat- 
ion only would be the result of free settling, the 
cassiterite would be expected to be in hydraulic 
equivalency to quartz. Actually, in the Kaksa 
layer the cassiterite never is hydraulically equi- 
valent to the light components. 


The average grade of 18 upstreams rock floor 
valleys which were studied for this purpose, is 
about 1:400. Of 8 of these valleys bedrock con- 
sits of sediments. The other 10 have a granite 
basement. The median grain-size of the cassiterite 
of the former set of valleys is 420 u, of the sec- 
ond series 380 u. As a side line it is stated here 
that the median grain size of the cassiterite of 
some veins in the sedimentary series in the 
neighbourhood of above valleys is 110 u. It ap- 
pears that in the process of concentration much 
fine grained cassiterite has been lost. 


To effect a concentration of cassiterite in val- 
leys in granitic basement, a large volume of de- 
composed (kaolinised) granitic matter must have 
been carried off by the river. The quartz grains 
of this granite have a median grain-size of about 
2000 „. The hydraulic equivalency of a quartz 
grain of 2000 u diameter is a particle of cassi- 
terite of 600 u diameter. Therefore, as the quartz 
is carried off there would seem to be no reason 
why the cassiterite (380 u) was not removed. 
Thus, the concentration of cassiterite in the old 
tiver beds cannot be explained sufficiently by 
free settling. 

The consolidated rocks of Billiton are abun- 
dantly traversed by quartz veins varying in di- 
mension from several meters to some millimeters. 

These quartz veins cropping out at the bottom 
of the river are a continuous source of angular 
coatse debris resistant to weathering which could 
not have been conveyed by the river nor carried 
off but which can be loosened from the matrix 
of clay of the weathered basement. The kaolinised 
basement rock, by its soft nature, will allow the 
river to adopt its lengtwise profile quickly in 
response to any small shifting of the base level, 
but at the same time it will yield a large amount 
of quartz rubble. The eventual increase in erosion 
capacity which would result from a small lower- 
ing of the base level, would not necessarily mean 
that the river will then be able to carry off all 
residual coarse debris. 


It may very well be that the water streaming 


through the interstices of the bed could carry 
off clay and sand without moving the coarse 
fragments. It is felt that in this way the river 
could have incised into the soft basement rock 
to some extent without necessarily clearing its 
bottom from all debris. 


The immovable riverbed protected the cassit- 
erite from transport. If a particle of cassiterite was 
supplied by the river it was rapidly caught in the 
interstices of this bed by its specific gravity 
easily displacing particles of sand and clay (hin- 
dered settling). 


Naturally, the above simplification of the pro- 
cess of concentration does not give the complete 
picture. In some cases the river was capable of 
carrying off coarse debris. When this happened 
in places, the cassiterite settled nearby in parts 
of the river bed which remained undisturbed. 
When the river cleaned its bottom completely, 
so that all of the debris was swept downstream, 
the cassiterite also was carried off. 

As may be concluded from the comparison of 
the median grain-size of the cassiterite of veins 
and lodes with the median particle size of the 
cassiterite of the kaksa layers, the protection 
supplied by the river bed was not sufficiently 
effective as to catch and to hold the very fine 
particles of cassiterite (— 150 u). It may be that 
these small grains could not displace the grains 
of sand of the matrix of the river bed (limit of 
the hindered settling ratio). They were carried 
downstream and subsequently disseminated in the 
overburden of the lower valley. 

It may be added here that concentration of cas- 
siterite in overburden never is very important 
high up in the overburden profile. Some appre- 
ciable amounts of cassiterite may occur lower in 
the young sediments. It appears that the higher 
tin values in the overburden usually are located 
in the neighbourhood of rich tin deposits on the 
bottom of the valleys. Therefore, the source of 
this cassiterite, found in the overburden, also 
should be nearby. These concentrations in the 
lower half of the overburden may involve rather 
coaise grained cassiterite. 

Typical transversal profiles of upper, middel 
and lower valleys are depicted in figure 8. A 
representation of the abundances of cassiterite is 
given by varying densities of dots. It appears 
that especially cassiterite is concentrated in gra- 
vels and in coarse sands,. 

The profile of the downstream section (Telok 
Padang) is illustrative as it depicts a location 
where the gradient of the valley is very steep 
due to the headward erosion mentioned in the 
previous paragraph. Our interpretation is that 


an originally rich valley bottom debris has been 
cleared away. Gullies were entrenched to — 45 m 
M.S.L. which subsequently were filled up rapidly 
(argillaceous sands approximately corresponding 
with the composition of the river load). After 
gradation had improved, coarse sands and gravels 
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of the eluvials had been eroded (fig. 9). 

The weathered top of the basement then was 
washed out locally and narrow rock terraces were 
formed which are covered by a thin residue of 
sand. Cassiterite may be enriched in places. These 
small deposits were very much favoured by the 
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Fig. 8 — Transversal profiles of upper (aj. Panas, fig. 1, Wo-N:), middle (aj. Kandang, fig. 1, Wı4-N3) 
and lower (telok Padang, fig. 1, Wg-Ns) valleys. Abundances of cassiterite are represented by varying den- 
sites of dots. 


were deposited, which concentrated cassiterite 
that was conveyed laterally from remnants of 
the original layer of valley floor debris. 


VII. OVERBURDEN 


The overburden consists of a great variety of 
sediments. In very general terms, the succession 
of sediments is sand-clay-sand but peat and clay 
may be intercalated in the sands and reversely. 

In the east of Billiton a high terrace 
has been deposited not far from the coast and 
as high as 18 m above mean sea level (fig. 1, 
W34 - Za,4, m). 

Originally this plain extended over larger areas. 
Remnants of the high terrace are found at 5 km 
to the west (fig. 1, W, - Ze, n) and 8 km to 
the SW (fig. 1 W. - Zy, d) where the terrace is 
25 m above M.S.L. In these western extensions 
the high terrace never covered the divides com- 
pletely so that when the rivers entrenched into 
these alluvial deposits, they were bound to their 
original courses. In many places it was observed, 
however, that during this action the top layers 


old Chinese miners because the troublesome late- 
titic concretions were disposed of (disintegrated) 
by the river water and because there is no over- 
burden to be removed. 


Farther outward the divides were lower and 
consequently completely covered by the high 
terrace. It may be seen that two large rivers 
which originally streamed to the east (proved 
by drill hole data) now bend off to the north 
and to the south, respectively, thus sparing within 
this span the high terrace which was deposited 
by the same rivers. 


The beheaded rivers which now have their 
origin on the high terrace, eroded the western 
areas of the high alluvial plain. 


A radio-carbon dating of wood fragments in 
the basis of the high terrace (0,2 m above bed- 
rock) indicates an age of more than 46.000 years. 


As a continuous sedimentation is observed above 
the layer containing the wood fragments the 
whole high terrace probably is of Lower or 
Middle Pleistocene age. 
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Laterite 


The main part of the alluvial plains of eastern 
Billiton is occupied by the low terrace 
which has an altitude of + 6 m M.S.L. In large 
areas of the low terrace (as well as of the high 
terrace) a hard chocolatebrown layer is found 
about one meter below the surface, which is a 
sand cemented by iron humates (tannides). It 
concerns a tropical podsol, previously described 
by Mohr and van Baren (1954). The local 
name is Fosaukak. This podsolisation never was 
found in clays or in argillaceous sands. Recent 
formation of these humate hardpans occurs above 
the water table in sediments allowing a good 
drainage. As the sands have been deposited below 
the water table it follows that the Fosaukaks in- 
dicate a relative lowering of the water table. 
This may be due to local phenomena, for instance, 
shifting of river courses. In the alluvial plains of 
Billiton, however the podsol layer occupies large 
areas. Therefore it has to be concluded that a 
regional lowering of the water table has taken 
place which, presumably, was caused by a sub- 
recent lowering of the sealevel by about 5 me- 
ters. This conclusion is confirmed by the occur- 
rence of shore ridges both in E, SE, and in W 
Billiton, which have an altitude of about 7 me- 
ters above mean sea level. 

If sufficient time is available a lowering of the 
water table results in lateritisation of clays. This 
process starts off with a kaolinisation going with 
a toughening of the clay. Lateritised overburden 
clays are very rare on Billiton. The age of such a 
clay was investigated by applying the C-14 me- 
thod on wood fragments occurring in the base. 


This clay (fig. 1, Wı3 - Ze, b) appears to be 
older than 50,000 years (+ 10.50 m — +16.10 
m M.S.L., top lateritised). 


Toughened clays are found very frequently. In 
the sediments of the high and low terraces the 
toughening is claerly linked up with the podsol- 
sation: i.e. podsolisation in sands and toughen- 
ing in clays on the same levels. 


In many places marine deposits are intercalated 
in the sediments of the low terrace. They occur 
at about Mean Sea Level. According to Martin 
(in Verbeek, 1897) the population of Lammeli- 
brachiatae contained in the sediments is of a 
recent character. In connection with this marine 
ingression corals may be found on the bedrock 
as far as 5 km inland. Holes made by Lamelli- 
branchiatae (Pholas) were found in the bedrock 
about 10 km from the present coast-line (also at 
E40 m? M.S.L.) 


As the base of the remnants of the high ter- 
race is never lower than present M.S.L. and be- 
cause these remnants, moreover, are situated 
more upstream than the locations of the marine 
deposits the absence of these deposits in the 
sediments of the high terrace is not decisive as to 
the stratigraphical relation. Martin’s investiga- 
tions, however, render a recent or subrecent age 
of the marine sediments probable whereas, on the 
other hand, the radio-carbon dating, referred to 
above, indicates the high terrace to be Middle or 
Lower Pleistocene. 


Although it may be safely assumed that a 
large portion of the fluviatile sediments is of a 
Pleistocene age, it is certain that part of the 
deposits is very young. This is indicated 3 by the 
discovery of a molare of Elephas Sumatranus in 
the overburden of a valley in the centre of Bil- 
liton (fig. 1, W« - Na, r) in sands 114 m above 
bedrock and 315 m below the surface. Near the 
northern shore (fig. 1, W;ı - Nr, s) a canoe and 
pottery were found under 8 m of overburden, 
indicating that the rivers have aggradated to a 
considerable extent in recent times. 


The present rivers do not deposit pure clays 
on land except before artificial barrages. In the 
overburden of the same valleys, however, thick 
layers of pure clays are met with frequently. They 
are found far inland up to an altitude of 10 m 
and more above M.S.L. (corresponding bedrock at 
about + 7m M.S.L.). 


In the lengthwise profile it appears that it 
does not concern one layer of clay but rather two 


3 According to von Koenigswald. Communicated 
in a letter to the N.V. Billiton Mij. 


or three lenses overlying each other imbricately. 
It has to be stated here that as yet we have not 
been in a position to unravel these complex seq- 
uences of sedimentation. 

In the submarine extension of the valleys hu- 
mate hardpans (’Fosaukak’) as well as toughened 
clays and marine intercalations in fresh water 
deposits also are found. 


Marine sediments often occur around the -20 
m level. At the same level a marine abrasion 
platform occurs off the east coast. A similar 
platform may be observed off the north coast 
(see figure 4; the position of the corals). Humate 
hardpans were found between -15 m and -24 m 
M.S.L. off the north coast. 


Off the east coast similar hardpans were 
found at -18 m M.S.L. and off the west coast 
at -16 m. These Fosaukaks also occur in the sedi- 
ments of the above marine ingression, (-20 m 
M.S.L.) indicating that the ingression was fol- 
lowed by a slight regression. 


As yet the available data are not sufficient to 
carry out reliable correlations. 


Lengthwise overburden profiles at the pro- 
nounced breaks in slope in the submarine exten- 
sions of the valleys do not reveal a discontinuity 
of the sedimentation. It should be added here 
however, that such relations are not easily found 
in drill hole data. 


Indications are that extensive erosional plat- 
forms exist offshore at a level of -30 m M.SL. 
Hardly any sedimentation occurs on these 
flats and consequently almost everywhere base- 
ment rock (without a cap of laterite or weather- 
ed detritus) is cropping out at the sea bottom. 
Probably it concerns a plain of abrasion which 
was caused by a gradual rise of the sea level. 


The river channels can be traced in this plat- 
forms as sharp deep gullies which are completely 
filled in by sediments so that they do not show 
on the bathymetric maps. The main part of these 
sediments are fresh water deposits. 


It may be inferred that the general rise of the 
sea level was not a gradual one but rather a 
complex phenomenon. 


VIII. CONCLUSIONS 


There are some indications that the tin mine- 
ralisation which could be traced at the surface 
of the Malayan mountain range in Tertiary times 
was of much smaller proportions than the deeper 
deposits which are cropping out presently. This 
may be inferred from the near-absence of cas- 
siterite in the old (Tertiary?) terraces consisting 
of very coarse conglomerates, remnants of which 
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are found in the west coast of Banka and on the 
east coast of Singkep. These barren conglo- 
merates are covered by younger rich placer de- 
posits of the 'Kaksa’ type. 

When the proceeding denudation uncovered 
deeper and richer primary deposits of cassiterite 
the transporting-power of the rivers already was 
diminished to some extent. Thus the circumstan- 
ces gradually became more favourable for con- 
centration of cassiterite in the valleys of the 
mountain range. It may very well be that some of 
the large blocks of cassiterite which now are 
found in the Kaksa already were present in the 
valleys in a more youthful stage. 

From a juvenile stage the landscape passed 
into a mature one. The valley walls in this stage 
contributed considerably to the content of cassi- 
terite of the debris covering the valley bottoms. 
It is thought that an important agent for trans- 
porting the cassiterite towards the valleys during 
this period will have been creep. 


It may be assumed that the landscape at the 
end of the Tertiary was a very mature one, a 
landscape that may be designated as a peneplain. 
The chemical denundation gradually prevailed 
over the mechanical erosion. The bedrock be- 
came deeply weathered. Fresh basement was 
covered by a thick layer of kaolinised rock which, 
however, was traversed by abundant veins of 
quartz. Creep was succeeded by collapse. Hence, 
the supply by the valley walls and the divides 
of cassiterite to the valleys diminished and even- 
tually ceased. 


It will be readily understood that the eustatic 
movements of the sea level in the Pleistocene 
exerted a considerable influence on this senile 
landscape. The base level of the old rivers shifted 
outwards. Although the rivers thus were length- 
ened, their grade was increased so that they 
incised into the weathered basement rock. 


The soft nature of this rock allowed the rivers 
to adjust their grades quickly to any shifting of 
the base level. At the same time the erosion made 
free large amounts of quartz rubble while the 
sand and clay were carried off. Therefore, it can 
be assumed that the entrenching rivers never 
succeeded in sweeping their valleys clean of 
debris. The eustatic movements probably were 
sufficiently slow as to allow the rivers to adjust 
grade without completely removing the rubble, 
i.e. clay and sand were taken up from the bed- 
rock by the stream moving in the interstices of 
the layer of coarse debris. Thus the fragments 
of the quartz veins were not conveyed to their 
present location by the rivers and the grade 
never was sufficient to carty them off; they 
are strictly residual. This immovable bed pro- 
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tected the cassiterite against transportation and 
dissipation downstream. 

The valley deposits of the late Tertiary pene- 
plain were essentially of a residual character. The 
valleys served as large concentrators of cassit- 
erite derived from veins and lodes in the valley- 
bottom-and in the nearby valley-walls and divi- 
des. The subsequent Pleistocene dissections did 


sea-level of -60 m M.S.L. or more. It is not ex- 
cluded, however, that the reverse will appear to 
be true, i.e. that the lowest sea-level will be 
found to be the oldest. 


Extensive erosional platforms at a depth of 
-30 m M.S.L. and less inportant flats at a depth 
of 20 m were formed by abrasion, presumably 
during subsequent raising of the sea level. When 
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not greatly alter this residual character. Natural- 
ly the deposits are reworked to some extent but 
the cassiterite escaped transportation and dissi- 
pation. Gravels and coarse sands served as con- 
centrators of cassiterite working much in the 
same way as mineral jigs. 


Figure 10 is a generalised lengthwise profile 
of the valleys of Billiton summarising the most 
important phenomena described in the preceed- 
ing paragraphs. These data are considered insuf- 
ficient to fit in a complete chronological scheme. 

Presumably two major incisions of the rivers 
into bedrock can be separated. The older would 
correspond with a sea level of approximately 
35 m MS.L. and the younger with a very low 


30 40 45 km. 
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the -30 m flat was formed the far down-stream 
valleys existed already and they were filled by 
fresh water deposits. 

The maximum height of the sea was reached 
at a level of about + 15 m M.S.L. when the 
Pleistocene high terrace was formed. During a 
subsequent lowering of the sea level this ter- 
race was eroded. The low terrace developed at 
+ 6 m M.:S.L. corresponding with a sea level 
of approximately + 5 m. It probably is of a sub- 
recent age. 

Next, the sea was lowered to the present level. 

It will be clear that under these circumstances 
limited studies of a too narrow scope easily 


will reveal phenomena which seemingly are 
quite contradictionary. 
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GEOLOGICAL CONTROL OF DREDGING OPERATION ON PLACER DEPOSITS, 
BILLITON, INDONESIA 


A. J. A. VAN OVEREEMI1 


ABSTRACT 


Maps of the abundancy distribution of tin in placer 
deposits worked by dredges have been made by the 
application of a special technique which involved 
timing of the successive positions of the lower tumbler 
and of the measured emergence of concentrate at the 
spigots of the clean-up jigs. These maps serve as very 
useful aids in the planning of the exploitation of the 
adjacent areas. 

Examination of samples of the bucket load showed 
that, presumably, the fine grained cassiterite was washed 
into the bottom ore layer of coarse angular debris at 
the time that sand was deposited on top of this layer. 
Coarse grained cassiterite (from 200 micron upwards) 
and coarse quartz probably were deposited in an earlier 
period. 

The very coarse particles (pebble fraction) may never 
have been moved. 
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I. INTRODUCTION 


When the N.V. Gemeenschappelijke Mijn- 
bouwmaatschappij Billiton in the beginning of 
1958 ceased operations following the refusal of 
the Indonesian Government to continue the con- 
cession for Billiton, 10 dredges were working on 
land and 4 at sea. These machines are the main 
producers of cassiterite concentrate of the island. 
One of the factors governing effective mining 
was the control which could be supplied by the 
Geological Department. 


The data used in this paper have been collected 
by L. J. Fick, T. J. van der Zee, Dr. G. J. ]. 
Aleva, G. van der Wegen, J. P. Snoep and by the 
author. 


t N.V. Billiton Maatschappij, The Hague 


Il. TECHNIQUE 


The dredge is anchored fore and aft and at the 
4 corners. The ship moves laterally by slackening 
and winding the side cables. Forward movement 
is made by hauling in the bow line. Areas of 
proven ore are worked out in lanes as shown in 
figure 1. 

The bow line is hauled in 3 meters at a time. 
The dredge then excavates the width of the lane 
over this distance thus working out one cut. 
Subsequently the ship moves 3 meters forward, 
excavating a second cut, etc. 


excavated pit 


Fig. 1 — Method of dredging out an area of proven 
ore. 


It is very well possible to carry out some 
amount of manoeuvring within the lane optimum 
width making possible a certain degree of 
selective mining. 


Essential information for determining the 
most economic procedure which can be followed 
is furnished by drilling logs and, recently, by a 
sonic geophysical method which is described in 
another paper in this volume. 

In order to enable the management to improve 
the selectivity of the mining operations a tech- 
nique has been developed by the Geological 
Department using the dredge as a continuous 
sampling machine. The results were drawn on 
large scale (1:1000) maps which show the 
distribution of the abundances of cassiterite of 
the exploited lanes. The borders of the lanes to 
be worked out in the future thus were sampled 
by the dredging of the lanes previously excavated. 
At the same time much information was gained 
about the geology of the tin placer deposits. 

The lateral displacement of the dredge is 
measured on the side cables. If the cable is 
almost perpendicular to the centre line of the 
ship the displacement may be taken to equal the 
amount of slackening or winding of the cable. 
In the same way the forward displacement is 
measured on the bow line. 

Three times per month the position of 5 points 
of a cut is determined by triangulation, serving 
as a check on the positioning. 

Because of the variance, with depth, of the 
horizontal distance between the lower and upper 
tumblers (cf. point of excavation and upper 
support of the bucket ladder), corrections have 
to be introduced in the positioning. The tide 
gauge readings are calculated into these cor- 
rections. 

The excavation of a transverse cut is carried 
out in steps. The first three meters of overburden 
are dredged in one run over the whole width of 
the lane. Then the ladder is lowered for another 
three meters. If in a place bedrock is reached it 
is cleaned up over an area of 3 x 10 m?. The 
dredging method is illustrated in the cross- 
section of figure 2. 

The load of the buckets is fed to the ore 
dressing plant by way of a revolving screen. The 
cassiterite is separated in jigs to emerge finally 
in the spigots of the clean-up jig. 
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Fig. 2 — Section illustrating the dredging method. 
The numbers indicate the blocks which successively are 


excavated. The letters correspond with areas of 
3 x 10 m2. 
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If the dressing time were a constant, the 
distribution of the abundances of cässiterite 
could conveniently be mapped by timing both 
the position of the lower tumbler and the 
measured emergence of cassiterite from the ore 
dressing plant. 

It appeared that the dressing time is not a 
constant. Although using an average time would 
already give some useful data, the resulting map 
is much improved by accounting for the variance 
in ore dressing time. 

The main reason for the variance in time 
needed for passing cassiterite through the plant 
is the changes in the cassiterite content of the 
feed. In the long passage through revolving 
screen, distribution box, primary, secondary and 
clean-up jigs, angular drains and sinkholes there 
are many places where the cassiterite is in static 
equilibrium with the prevailing circumstances. If 
the feed is constant in such places, the same 
amount of particles which is conveyed is delivered 
to the water stream. If the cassiterite feed sudden- 
ly increases, each of these critical points will be 
subsequently submitted to oversaturation. On the 
other hand, if the amount of cassiterite in the 
feed suddeniy decreases, all these points will 
continue for some time to deliver cassiterite. 
Therefore, changes in the feed of cassiterite will 
be recorded with much delay in the variance in 
the product. 


This effect can be corrected by having the 
dredge work out one cut from starboard to port 
and the next one from port to starboard. The 
effect of the time errors caused by the changes 
in the tin content of the feed can be evaluated 
then. 


Suppose, that, using an average dressing time, 
the ore distribution would be as shown in Table. 
By visual examination of the bucket loads it 
has become evident that rich deposits of cassi- 
terite only occur in the center of the lane. The 
corrected result is given in Table 1. 


An experienced interpreter who has often 
carried out these corrections, repeating the above 
procedure for many different ratios of tin content 
of the feed, will be able to deliver a map which 
is a reliable picture of the distribution of cassi- 
terite. 


Theoretically, the resolution of the resulting 
map is the size of the samples of 3 x 10 tg2; 
It is estimated, however, that in reality the 
accuracy will not be better than 6 x 20 m?. 


As a check every month the product of the 
dredge is determined by applying a planimeter 
to the iso-abundancy map based upon the col- 
lected data. The result of the integrations is 
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Map of the distribution of Tin in the Areas worked out 


by the Dredges Dujung’and 


Karimata,; Telok Fring, Billiton 1 
R Ri SL x 


2 Ko 


then compared with the product of the dredge 
of that month. 


Two sets of maps have been drawn: one 
expressing the abundances of tin in kilograms 
per square meter and the other in kilograms per 
10 cubic meter. In many areas most of the tin 
is concentrated in a thin layer of coatse angular 
debris lying directly on the bedrock. In these 
cases the kilograms per square meter map ef- 


fectively shows the tin distribution in this bottom 
layer. 


The depth indicator of the dredge is read in 
the middle of each 3 x 10 m? rectangle. From 
these data corrected as to tide gauge readings, 
the contour lines of the bedrock topography are 
constructed with an interval of one meter. The 
plane of reference is mean sea level. These lines 
are drawn on the abundancy maps. 


TABLE I 
Direction 
10m of 
DieE F G H I J K IR MEUN! excavation 
4th cut 0-2 0-2 4-8 8-12.712-24° 12-247 °8-12 4-8 74-8 7247 0-2 kilogram ERS 
Sth cut 48 4-8 8-12 12-24 12-24 8-12. 4-8. 1..0-2 70-2! 0-27 0-2 per. sq.m. << 


Ill. DISTRIBUTION OF TIN IN THE TELOK 
PRING AREA, OFF THE NORTH COAST 
OF BILLITON 


Figure 3 is a compilation of the data collected 
during 8 years in the area of Telok Pring off 
the northern shore of Billiton, one of the areas 
which were under continuous observation. Out- 
side the fields that were worked out, the map is 
supplemented by data from sonic investigations 
and drilling logs. A glance at the map is suf- 
ficient to predict which parts of the area ad- 
joining the field already worked out will yield 
a high tin production. 

The bedrock in Telok Pring consists of alter- 
nating Permo-Carboniferous sandstones and 
shales with some layers of chert. 


Generally speaking, the worked-out area is 


sh 


Coral 


u Contour lines _bedrock 5m. 
= Interval au Z3m 


occupied by two parallel gullies descending to- 
wards the northeast and meeting in several 
places. These gullies contain the largest amount 
of tin. They are especially rich in the concave 
undercut parts of their bends. In these places 
the rivers have often excavated local depressions 
it their beds. 

In other locations, however, considerable 
amounts of ore are found on higher bedrock 
levels. Examination of the bucket loads showed 
that these ore shoots are closely connected with 
underlying primary mineralisation. The gullies 
contain expecially large amounts of cassiterite 
where they cut such a stretch of primary mineral- 
isation. 

The bulk of the cassiterite is concentrated in 
the "Kaksa”-layer of coarse angular debris direct- 
ly overlying the bedrock In some places — (at 
a depth of —20-—25 m M.S.L.) — this layer 
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TABLE Il 
10 m 
D E F G H J K I M N 
4th cut 0—2 0—2 4-8 12—24 >24 12-24 4-8 0—2 0—2 0—2 0—2 kilograms 
per 
Sth cut 0—2 0—2 4-8 12-24 >24 12-24 4-8 0—2 0—2 0—2 0—2 sq. meter 


contains marine fossils which presumably were 
washed into the interstices during a transgression 
which developed so rapidly as not to allow the 
deposition of fresh water sediments to keep pace 
with the rising of the sea level. 

The principally fresh water character of the 
overlying sediments shows that river sediment- 
ation predominated for a long time. When the 
sea level rose again marine sediments were 
deposited over the whole area. 

These overlying sands and clays usually do not 
contain appreciable amounts of cassiterite. 
Furthermore, the cassiterite of the overburden 
is always very fine-grained. Hence the abundancy 
map of figure 3 effectively depicts the distri- 
bution of the tin in the thin bottom layer. 


IV. EXAMINATION OF SAMPLES 

The amount of tin contained in the bottom 
layer generally increases with depth and with the 
amount of pebbles. This is illustrated in table III 
which summarises the results of the investigation 
of about 200 samples in a limited area (about 
X = —11600, Y = -+25550, fig. 3). 

Figure da shows typical cumulative curves of 
the grain sizes of cassiterite, heavy minerals and 
"all minerals” of the ore bearing bottom layer 
plotted on logarithmic probability paper. It 
should be remembered that using this paper a 
lognormal frequency distribution is plotted as a 
straight line (Aleva 1956). The sample was 
taken in a gully at a depth of —21 m MSL. 
The location may be found at X = —11750 
and Y = -+26475 on the map, figure 3. 


All these curves are complex. Cassiterite plays 
a dominant part in the heavy mineral fraction 
so that the complex character of the grain-size 
distribution of cassiterite is repeated in the 
heavy minerals curve. In the larger grain-size 
fractions cassiterite is accompanied by ilmenite 
and topaz and in the finer fractions by zircon, 
ilmenite, topaz, pyrite and marcasite. From in- 
vestigations of many other samples it appears 
that sometimes the heavy mineral frequency 
distribution of grain-sizes becomes bimodal as a 
consequence of the occurrence of large amounts 
of ilmenite and topaz in the coarse fractions. 

The grain-size distribution of cassiterite is 
usually asymmetric and heterogeneous. The 
convex bend is a general feature. As a rule it 
lies within the interval 200—500 micron. 

By comparing the "all minerals” curve which 
is essentially a cummulative grain size distri- 
bution of quartz and the curve for cassiterite and 
taking into account the densities, it is evident 
that the two minerals cannot have been deposited 
simultaneously. 

In the diagram of figure da dotted lines show 
the distributions of cassiterite and of the heavy 
minerals (including cassiterite) of an argillaceous 
sand immediately overlying the ore bed. It can 
be seen that the grain size distribution of the 
heavy minerals in the bottom layer and in the 
overlying sand are almost identical. The same 
applies to the grain-size distribution of the fine 
cassiterite of the two sediments, but in the 
coarse particle sizes of the cassiterite the distri- 
butions definitely deviate. 

A similar situation is found in other sets of 


TABLE II 

Elevation Average Average third 

to M.S.L. Average gram Sn p. liter medians in mm quartiles in mm 

meters of samples of samples con- 

median third quartile SRTRIDEEN a 

Sn p. liter Sn p. liter 

<0,5mm >0,5mm <Imm >Imm >4imm <ö5 BY DER Pi E65) 5.25 >25 
-14— -18 0,57 2,27 0,57 2,38 5,76 0,6 0,5 0,9 1,5 Iel 3,0 
-18 — -20 1,19 4,26 1,37 3,93 7,24 0,5 0,6 1,8 1,4 1,5 SR 
-20 — -22 2,51 4,62 1,45 3,70 7,18 0,6 0,6 150 2,6 ie) 3,9 
-22— -25 3,19 7,51 0,60 5,70 5,36 1 1,9 2,0 352 4,7 nu) 


were 
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Fig. 4 — Cumulative curves of grain-size distributions 


cassiterite of bottom layer and overlying sand. 


samples as illustrated by the diagram of figure 


‚4b. The sample of the bottom layer was also 


taken in a gully at a depch of —21 m MS. 
(X = —13350, Y = +24900, fig. 3). The 
grain-size characteristics of the fine fractions of 
the quartz from bottom layer and overlying sand 
are identical. The same applies more or less to 
the heavy minerals. The characteristics of the 
grain-sizes in the coarse quartz fractions, how- 
ever, do not coincide. 


V. CONCLUSIONS 


From the examination of the samples taken 
from the bucket loads it seems probable that a 
considerable part of the fine-grained cassiterite, 
of the other heavy minerals and of the fine 
grained quartz has been washed into the inter- 
stices of the bottom layer at the time of de- 
position of the overlying sands. The coarse 
grained cassiterite (from 200 micron upwards), 


‚the coarse quartz fragments and probably also the 


coarse grained heavy minerals appear to have 
separate characteristics. They may have been de- 
posited in an earlier period and they may not 


have been moved far, if any. 
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From the distribution of the abundances of 
tin (fig. 3) it appears that the cassiterite was 
concentrated above primary deposits in the 
basement rock. If such an eluvial or semi-eluvial 
concentration was cut by a gully of the river 
system ‚the gully contains much cassiterite both 
at the place of traversing and over a limited 
distance downstreams. This distance is estimated 
to be about 1 kilometer. Within this enriched 
gully the outer bends are favoured by further 
concentration of cassiterite. As the samples de- 
scribed in this paper were taken outside the 
places where primary mineralisation was cut by 
a river it is likely that most of the cassiterite 
contained was conveyed by running water from 
a nearby place of primary deposition to the 
location where it was mined. 
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SONIC UNDERWATER SURVEYS TO LOCATE BEDROCK 
OFF THE COASTS OF BILLITON AND SINGKEP, Indonesia 


A. J. A. VAN OVEREEMI 


ABSTRACT 


Offshore sonic surveys of bedrock and overlying 
strata were carried out to facilitate the exploration 
and exploitation of submarine tin-placers. Penetra- 
tion in sediments to bedrock was obtained in vir- 
tually all instances (0-50 m). The instrument operated 
at a frequency of 6 kc or 111% kc, and pulse length 
was variable from 1 to 9 milli-seconds. 
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I. INTRODUCTION 


The islands of Billiton and Singkep are ele- 
vated central parts of the submerged Sunda plat- 
form, an old plain of denudation. The submerg- 
ed placers covering this old land-surface extend 


! N.V. Billiton Maatschappij, The Hague. 


Fig. 1. 


beyond the coast-lines of the islands. The old 
valleys are filled in by young sediments, to such 
an extent that the submarine divides often are 
covered by overburden. 

The main purpose of the application of the 
sonic geophysical method was to supply informa- 
tion as to the morphology of the submerged and 
buried plain of denudation. 

The majority of the sonic investigations, which 
were carried out in the years 1955-1958, was con- 
cerned with water-saturated sediments under sea. 
The water depths ranged from 2-30 meters and 
the thickness of overburden from 0-50 meters. 
The locations of the surveyed areas are indicated 
in figure 1. These areas have been covered by a 
total of about 1500 km surveyed runs. The ave- 
rage surveying speed was 6 km/hr. 

At Billiton the bedrock consists of Permo- 
Carboniferous sediments intruded by igneous 
rocks of Cretaceous age. The sediments (quart- 
zite, sandstone, chert, shale, tuff) have a steep 
to vertical dip. At Singkep idential series of ig- 
neous rocks intruded into a Cambrian or Pre- 


SINGKEP 
Scale 1:2.000.000 


intrusive series 
Permo-Carboni- 


Be See ferous 
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Surveyed areas (black) off-shore Billiton and Singkep. 


cambrian series of schists. All these types of 
basement rocks are much weathered. 

The author is much indebted to Mr. A. E. 
Escher for companionship in the surveys. Thanks 
are due to Dr. W. O. Smith of the U.S. Geolo- 
gical Survey for initiating the author into the 
sonic geophysical method. 


II. DETERMINATION OF DEPTHS OF 
INTERFACES. 


Short sound pulses‘ of preselected frequency 
are transmitted in a rapid succession. They are 
directed downward. The reflections of planes of 
acoustic discontinuity are received, amplified and 
displayed on continuously moving recording pa- 
per. This is effected in a similar way as in an 
echo sounder, i.e. reflexes arriving later are re- 
corded lower on the chart. If the sound source 
is moving, a continuous profile of the acoustic 
discontinuities is obtained. The absciss of the 
diagram thus recorded is horizontal distance and 
the ordinate is time. If the transducer is not 
moving, repetitive reflexes of one and the same 
discontinuity are recorded as a horizontal straight 
line every point of which represents the same 
spot of the interface. 
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Fig. 2 


The transducer may be mounted in a vessel. 
The vibrating face is at a depth d, below the 
water surface (figure 2). It can be seen that the 
depth of the bedrock 

a.=ıd, Set Yıtsrchdı 

The velocity, of sound in sea-water (v,) can 
easily be calibrated or it can be found in tables. 
At Billiton this velocity was found to vary be- 
tween 1510 and 1530 m/sec. The travel time of 
sound in water (tw) and the travel time in sedi- 
ment (t,) are read from the record which gives 
the double travel times. dı is known. The most 
convenient way to obtain the value of v, is from 
sound records which have been made over a 
previously logged drillhole. 
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If several sedimentary strata are present an 
average velocity may be computed from sonic 
data and drilling logs or, if preferred, the ve- 
locity of each layer can be determined. 

I£ the average velocity in the overburden 
would be subject to considerable variation a large 
amount of drilling would be necessary to obtain 
sufficient control. Fortunately, the average ve- 
locity proved to be either fairly constant or to 
depend mainly on depth. 

Referting again to figure 2. The greater part 
of the acoustic energy reflected by the sea-bottom 
passes the transducer and is bounced back by 
the water-surface. After a second reflection by 
the sea-bottom these rays may hit the transducer 
or they may pass again, etc. Thus a second echo 
from the sea-bottom is recorded, and multiple 
echoes if the process is repeated several times. 

In shallow water the multiple echoes follow 
each other in rapid succession and with great 
intensity thus obliterating the reflexes of deeper 
acoustic discontinuities. This difficulty is largely 
overcome by lowering the transducer to the sea- 
bottom at the same time improving the acoustic 
coupling with the sediments. For this purpose the 
transducer can be mounted on a submarine car 
which is towed over the sea-bottom. In this way 
good recordings were obtained of bedrock under 
2 m water and 40 m overburden. 


III INTRUMENTATION 


A discourse on the development of the instru- 
ment is given by Smith 2 who also describes the 
equipment and who shows some of the results of 
the test runs made by us in the Long Island 
Sound, New York. A short resume of the tech- 
nical characteristics of the apparatus is given 
below. 


Transducer: made up of about 500 45°Z cuts 
of ammonium dihydrophosphate of 213” length. 
When working at resonant frequency (1113 kc) 
the acoustic pulse output is claimed by the ma- 
nufacturer to be about 314 kw. Driven off re- 
sonance the transducer may produce pulses of 
6 kc for which the manufacturer claims an acou- 
stic output power of about 115 kw. At 1113 kc 
the beam pattern is about 40°; at 6 kc 60°. 


Receiver: variable logarithmic receiver with a 
sensitivity of about 10 micro volts. Gain control 
is capable of 80 db dynamic range. 

Recorder: electro-chemical recorder using 
electro-sensitive paper of about 20 db dynamic 
range. Three depth ranges corresponding with 


2 W. O. Smith, 1958. Recent underwater surveys 


using low-frequency sound to locate shallow bed- 
rock. Bull. Geol. Soc. Am. vol. 69 p. 69—98. 
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three pulse repetition rates, each have a limited 
pulse length: 


Depth range Pulse length Repetiton rate 


(in sea-water) 


0— 70 m 1-3 milliseconds TORSZ Disec. 
0—140 m 1-5 milliseconds Da D:SecH 
0—420 m 1-9 milliseconds 1,67 p.sec. 


Transmitter: Output electrical power varies 
over the range 500 w — 5 kw. 

A 60 ft. barge (fig. 3), modified into a motor 
vessel, was used as a research vessel. Structural 
modifications included a 11 x 13 ft aircondition- 
ed room to house the sonic equipment and 
furnish working space for the operator and the 
plotter. 


Fig. 3 — Sonic survey vessel m.s. ’Sonia’ 


For positioning the three-point sextant fix 
method was used. The sextant crew worked either 
fore or aft, depending on the vessel’s course in 
relation to the beacons ashore. The angles obtain- 
ed were read into a public address system and 
received by the plotter in the equipments’ cabin. 
The operator’s orders for fixes were signalled to 
the sextant crew by way of an electric signal 
system. 

Vertical positioning was carried out by taking 
down the time of every horizontal fix, correcting 
the sonic data as to the tide gauge readings. 


IV PRESENTATION OF DATA 
Telok Pring, Klappa Kampit 


The entire area surveyed covers approximately 
23 km? (9 sq.miles). Water depths ranged from 
14-25 m; depths of overburden from 0-25 m. A 
small part of the area had been investigated by 
Banka drilling prior to the survey. Furthermore, 
many drill holes have been put down after the 
survey was concluded. The majority of these lat- 
ter holes was drilled in the buried valleys, locat- 
ed by the sonic recordings. Actually a very sub- 


stantial ore reserve was developed by these ope- 
rations. 

It was essential to obtain as many details as 
possible. For this reason, during all operations at 
Pring, 1115 kc sound was used, as this frequency 
offers a somewhat better definition than 6 kc, 
while the penetration was sufficient. 

Every three minutes the position of the survey 
vessel was determined. The mean error is of the 
order of magnitude of 15 m, as found by triangu- 
lation from shore stations (distance up to 8 kilo- 
meters). For this reason it was not feasible to 
steer the vessel with certainty over drill holes. 
In view of the strong currents and the conside- 
rable depth of water, buoys were not of much 
help either. Yet, by triangulating both the course 
of the vessel and the positions of the drilling 
rigs some holes were located with some accuracy 
on the surveyed traces. 

By using these drilling logs for the correlation, 
the variation of the velocity in the overburden 
was found (figure 4). 

In working out the sonic data an average ve- 
locity in sediment of 1600 m/sec. was used for 
the determination of the depth of bedrock under 
0-4 m of overburden and a velocity of 1720 m/ 
sec. was used for the location of deeper bedrock. 

Figure 5 shows the correlation of cores and 
recordings. It appears that most of the strata of 
the overburden shown by the dtrilling logs also 
are recorded. 
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versus depth of overburden in the Telok Pring area. 


It should be noted that every correlation is 
based in its own true depth, i.e. in every instance 
the bedrock depth following from the drilling 
log was taken equal to the recorded bedrock 
depths. Some minor discrepancies in the record- 
ing of the interfaces-as compared with the logs 
may be partially explained for by smal errors in 
positioning and possibly also by some inaccuracy 
in logging the drill hole. 
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Tops of layers of coarse sand appear to give 
a stronger and longer echo than tops of clays. It 
is not known whether the lengthening of the 
echoes of sand should be attributed to scattering 
because of the coarse particle size or to the 
layered structure of the sediment. Layers of coarse 
grained angular debris (pebble size) do not have 
a layered structure but they often do lengthen 
the reflected pulse. 

In view of the coincidence of an irregular 
bedrock topography (fig. 6) ahıd the occurrence 
of considerable errors in the positioning of holes 
and traces, it is evident that, generally, a direct 
correlation of cores and sonic data is useless. 
Allowing for an error in the positioning of 15 
m for cores relative to the sounded traces, full 


agreement is possible in 80% out of 50 test holes. 
To arrive at agreement a larger relative error in 
the position has to be assumed for the other 
holes. 

Further control was supplied by the sea-going 
dredge 'Karimata’ which was working at the 
limits of the surveyed area and which eventually 
will work large parts of it. 

Figure 7A shows a fragment of the dredged 
area. The contour lines of the bedrock, relative 
to mean sea level, have been constructed from the 
data supplied by the depth indicator of the 
dredge, corrected as to tide gauge readings. Fi- 
gure 7B is the sonic bedrock map of the same 
area surveyed prior to excavation. 

Although the similarity of the two maps is 
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striking some minor discrepancies have to be 
explained. The depths of.the rock floor valley 
as indicated by the depth indicator of the dredge 
are larger than the depths following from the 
sonic survey but in the more elevated parts of 
the bedrock topography there is very good 
agreement. It should be noted that the dredging 
personnel is under order to excavate into the 
weathered bedrock if cassiterite can be seen in 
the buckets. As the bulk of the tin in this field 
is found in the valley floors the excavated depths 
in the gullies should be larger than the actual val- 
ley depths. Some other minor discrepancies evi- 
dently are due to errors in the positioning. 

The detailed map furnished by the sonic sur- 
vey allowed to improve the selectivity of the 
mining operations. A very substantial increase 
in the monthly yield of tin was obtained in this 
area because the dredging activities could be 
concentrated on the winding valleys thus avoid- 
ing the barren elevated parts of the bedrock sur- 
face. 

The basement in the Telok Pring area con- 
sists of Permo-Carboniferous sediments. 

The contour map of the bedrock originally 
was drawn in one meter contour intervals. A 
simplified copy is given in figure 6. 


Sidjuk-Sengkelie area 

The surveyed area is about 30 km? (12 sq. 
miles). A fragment is shown in figure 8. 

As a deeper penetration was required than in 
the Pring area 6 ks sound pulses were used 
throughout the survey. 

According to the drilling logs thick basal 
layers often consist of granite wash which hardly 
can be distinguished visually from the underlying 
weathered granite. Therefore, on the sonic charts 


re 
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the echo of the bedrock surface was often not 
of the same sharp quality as in the Pring area. 
Yet no serious difficulties were encountered in 
the interpretation of the records. 

Water depths ranged from 12-25 m, thickness 
of overburden from 3-30 m. 

The sonic data were used in the search for tin 
placer deposits in this area. Many holes were put 
down in the submerged and buried valleys, lo- 
cated by the sonic survey. Acording to the sex- 
tant readings the surveyed position of 28 of these 
holes is not more than 15 m away from sonic 
traces. The average percentile deviation of bed- 
rock depths in these places according to sonic 
data and drilling logs is about 315 %, of the 
actual bedrock depth. The mean deviation is 
1.54 m. The locations of 20 of these holes are 
shown in figure 8. 


Other surveys 


Similar results were obtained in the other sur- 
veyed arcas. Some records, made across valleys 
off the eastern coast of Billiton, are shown in 
figure 9 and 10. 


V. CONCLUSION 


The application of sonic methods has proved 
to be highly successful in the seas around Billi- 
ton and Singkep, Indonesia. The survey has been 
worked into a routine, which gives acurate and 
detailed information about the submerged and 
buried bedrock topography and about the geo- 
logy of the overburden. Because of its high speed 
it is a comparatively cheap means of determining 
hidden geological and geomorphological features 
which formerly could be found only by an ex- 
tensive drilling programme. 
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THE GEOLOGY OF THE TIN PEGMATITES AT KAMATIWVI, 
SOUTHERN RHODESIA 


La Eicket 


ABSTRACT 


Ductile schists and abundant tourmaline-pegma- 
tites which are part of a belt of regionally meta- 
morphosed and granitized rocks of sedimentary origin 
have been distorted into two large eye-shaped confi- 
gurations. These ‘eyes’ had a great bearing on the 
emplacement of Archean tin-pegmatites which occur 
in cross-cutting, flatly dipping, regular dikes, prob- 
ably structurally controlled by a pattern of tension 
joints and which show textural, structural and geo- 
chemical features pointing to an intrusion as a silicate 
melt. Non-Li bearing tin-pegmatites have a greater 
tin-content than Li-pegmatites. 
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I. INTRODUCTION 
The occurrence of cassiterite bearing granitic 
pegmatites at Kamativi has been known since 
1936 when the late Mr. R. H. Aldworth dis- 
covered the area by crossing the Gwaai River 


1 Kamativi Tin Mines, Ltd., Bulawayo. 


from its south-western bank, where tin ore had 
already been found. 

Since that year Kamativi has produced tin ore. 
initially from alluvial deposits and outcropping 
pegmatites. 

Later, mining operations on a larger scale 
started at the beginning of 1953, when the 
N.V. Billiton Maatschappij acquired a con- 
trolling interest. At the same time geological 
surveying was commenced. The primary pur- 
pose of these studies was to obtain information 
on the occurrence and distribution of the peg- 
matites and to establish an ore reserve. 

The mining geology kept pace with under- 
ground development. Thousands of feet of 
diamond drilling have been done. Thus the 
geological studies gradually revealed more in- 
formation, and at the beginning of 1959 a stage 
was reached at which one could think of com- 
mitting the knowledge so far gathered to paper. 

The geological information set forth has been 
collected in the course of the investigations by 
the geologists of the N.V. Billiton Maatschappij 
and Kamativi Tin Mines Ltd., i.e. Dr. J. H. G. 
Fuchter, Mr. P. G. Bard and the author, assisted 
by Mr. W. Pilaar. Petrological and mineralogical 
investigations were carried out in Holland by 
Dr. A. J. A. van Overeem and Mr. A. H. van der 
Veen. The latter made the micro-photographs 
which accompany this paper. 


II. GEOMORPHOLOGY AND TOPOGRAPHY 


Near Kamativi the Karroo and Basement - 
System have a well marked escarpment rising 
steeply from 3000 ft. above sea-level to 3300 ft. 
with three high hills of 3680, 3770 and 3960 ft. 
respectively. The base level of the Karroo lies 
at a height of 3400-3500 ft. The drainage of the 
Karroo is to the north, towards the Zambesi 
River. 


The Precambrian rocks have a more rugged 
morphology with a drainage pattern to the south 
into the Kamavimba and Gwaai river. Near both 
rivers high ridges occur standing above the 
3000 ft. level of dissected pre-Karroo rocks. 
Their flat summits are remarkable in that they 
can be regarded as remnants of an old erosion 
surface. According to Watson (1956) these 
tidges consist of resistant schistose quartzites. 
The latter occur at a level of about 3500 ft., 
hence, they can be considered as remnants of 
the pre-Karroo land surface. 

The country is arid and waterless. The vegetat- 
ion consists of bush scrub and mopani trees. 
Kamativi Tin Mines Ltd. obtains its working- 
and domestic water from a small artificial lake 
formed by means of a dam in the Kamativi river. 
During most wet seasons (December-April) 
the lake is completely filled by a normal yearly 
rainfall of about 25 inches. 


II ER NKGEOLOGICALY SETTING - OF THE 
KAMATIVI PEGMATITES 


The tin bearing pegmatites occur in the 
Basement System and are especially numerous 
in an elongated belt of schists. Near Kamativi 
starting at Lutope in the west and ending beyond 
Kalinda in the east with Kamativi in the middle 
this belt is known as the Kamativi Tin Belt 
covering a distance of 20 miles. It forms part of 
a longer belt of paragneisses and schists and runs 
from Tshontanda south of Wankie in an eastern 
and north-eastern direction to the Zimba Hills 
over a length of 80 miles, and a width of 3 
miles 2. In Southern Rhodesian geological literat- 
ure its western half is called "The Wankie Tin 
Field Belt’, consisting of paragneisses, schists, 
granitic gneisses and interjacent migmatites 
bordered by granites. The rocks in the belt show 
a strong deformation with a general E-W foliat- 
ion and strike. 

Apart from two oval-shaped granites, the 
whole rock series very probably is of sediment- 
ary origin, which was regionally metamorphosed 
and, for a great deal, granitized. The age of the 
sedimentary rocks has not yet been established 
with certainty and it is still unknown to which 
major unit within the system of the Southern 
Rhodesian stratigraphy or orogeny this belt be- 
longs. However, the age of this orogeny has been 
approximately determined by an analysis of 
lepidolite from a tin-bearing pegmatite at 
Lutope, which according to Holmes and Cahen 
(1955) is 2100 million years (= 200 million 
years) old. This determination only concerns 


2 Provisional Geological Map of Southern Rho- 
desia scale 1 :1.000.000 — 1946. 
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the age of one particular activity, namely that of 
the emplacement of the pegmatites, and we have 
to bear in mind Brock’s (1959) warning: 'As the 
habit of linear zones of weakness is to be inter- 
mittently active over a long stretch of geological ° 
time, the .chronological :classification can never 
be -clean-cut, many -embrace several ages of 
rocks EM | 

This is the more important because the tin 
pegmatites are the youngest rocks of the Base- 
ment System. Flatly dipping tin pegmatites 
traverse all the other rocks (Geological map). 
Even the dolerites, which cut through granites, 
paragneisses, schists and tourmaline pegmatites, 
are intersected by the tin-pegmatites. It may 
for the time being suffice to know that the 
Basement System, including the tin pegmatites, 
belongs to the Archean period. 

At Kamativi the Basement System is uncon- 
formably overlain by quartzitic sandstone of 
the Permian-Triassic Karroo. At Lutope the con- 
tact between the basement rocks and the shales 
and grits of Karroo age is formed by a major 
fault. 

The schists, and for a minor part the parag- 
neisses and granites too are the hostrocks of the 
tin, tungsten tantalite-columbite, lithium and 
mineralization, of which tin gives the area 
economic importance in Southern Africa. 


At four thousand feet due south of the south- 
ern boundary of the geological map of Kamativi 
paragneisses occur: e.g. a leucocratic biotite- 
muscovite gneiss and an augengneiss. North of 
these gneisses lies the schists belt having a width 
of 114-2 miles. Paragneisses are also found at the 
northern border of the schists. They are partly 
intercalated with schists, and in places granitized 
to such an extent that they have to be called 
granites (the tourmaline granite and aplitic gra- 
nite-gneiss-series). At the extreme northern 
part of the Kamativi claims one finds a dark 
biotite gneiss and two different granitic cupolas, 
the western body of which has sent granitic 
material lit-par-lit into the schists giving rise to 
true migmatites. 


In the centre of the belt the conspicuous non- 
tin bearing tourmaline pegmatites occur. These 
pegmatites are much more frequent in the 
schists than in the other rocks. Moreover, it 
seems remarkable that the tourmaline pegmatites 
are especially numerous in locally confined areas 
in the schists. They always run parallel to the 
schistosity, and the few exceptions to this rule 
are only found in places where the schists are 
most distorted. 

Apparently, the schists are the most ductile 
rocks of the basement. When looking at aerial 
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Fig. 1 — Structural sketch-map from aerial photographs. Scale + 


photographs, or better still, at the mosaic photo 
map, the spectator's attention is drawn to a 
remarkable structural feature i.e. 'the opening 
up’ of the schists-belt into an eye-shaped con- 
figuration, having an area of approximately five 
square miles. It seems as if the schists were 
pressed between the two lateral granite occur- 
zences, (fig... D). 

If we hold a packet of paper sheets between 
forefingers and thumbs of both hands whilst 
pushing the fingers in a lateral direction, the top 
sheets bend outwards. The resulting shape of 
the paper sheets is shown in fig. 2. The contorted 
sheets have exactly the same shape as Kamativi’s 
Eye‘. The structure of the schists showing the 
direction of foliation, together with the strike of 
the tourmaline pegmatites is the same as in our 
paper model. 

It seems likely that when the rock-series was 
distorted into a schist belt, it was compressed in 
two directions from the south and north, and 
dilated in a direction perpendicular to the two. 
But on the other hand, the shaping of the eye- 
like configuration involves compressive stress 
from an east-western direction. One might expect 
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that the latter would have resulted in shearing 
stress parallel to the schistosity. In the writer's 
opinion shearing stress with the opening up in a 
direction perpendicular to the schistosity is the 
very mechanical process needed to explain for 
the petrological development of the tourmaline 
pegmatites. 


The general structure of the schist belt had a 
bearing not only on the conformable occurrence 
of the tourmaline pegmatites, but also on the 
‘mise en place’ of the younger tin bearing 
pegmatites. 


Outside ‘the eye’ conformable steeply 
dipping tin pegmatites occur. The cross-cutting, 
flatly dipping tin pegmatites can be found in- 
side the eye-shaped area, and are confined to it. 


This fact is one of structural control. It also 
holds for the Lutope area where a smaller second 
‘eye’ containing flatly dipping tin pegmatites 
exists. Between the two eyes vertical 'reefs’ only 
are found. The same applies to Kalinda in the 
east. 


The geological map shows a more or less 
circular outcrop of flatly, and outward-dipping 
tin-pegmatites. Moreover, the sections show a 
kind of dome-shaped structure of a non-out- 
cropping, deep and wide lithium bearing peg- 
matite. 


Keeping in mind a weak structure of the eye’s 
centre, one may wonder whether the geological 
setting of the tin-pegmatites is due to a rather 
uniform stress field and its elastic release, bring- 


ing about a fissure system according to which the 
tin bearing pegmatites have set. 


In the following paragraphs the writer first 
describes the rock types of the area. In dealing 
with these, one has to bear in mind that the 
rocks ‘were formed at a time, when the earth 
was at the latest less than a half of its present 
age’ (Macgregor 1957, page LIV). Processes such 
as palingenesis, granitization and rheomorphism 
certainly played an important role because 'in 
Archean times the crust must have been thinner 
than it has ever been subsequently’ (Brock 


1959). 


IV THESROCKT TYPESZOR#TFIE 
BASEMENT SYSTEM 


1. Schists 


Together with the conformable tourmaline 
pegmatites, the muscovite-biotite quartz schists 
are the main rocks of the eye-shaped schist zone. 


The schists vary from a light, sericitic quartz 
schist to a dark grey-green, fine grained biotite 
feldspar rock with hardly any_foliation. The 
main constituent of this whole rock series is a 
medium-grained muscovite biotite quartz schist 
often of a phyllitic character. It contains many 
quartz veinlets, often intricately and ptygmatic- 
ally folded, giving evidence of mobility. Minor 
folds and drag folds show an eastern or western 
pitch of 25-75°. Garnet has locally developed 
into crystals of 0.3-5 mm. In the central part of 
Kamativi, large muscovite cıystals with an 
orientation cross-cutting to the foliation of the 
schists may represent a post-kinematic static 
rectystallization. 


Seen through the microscope the biotite occurs in 
sub-parallel flakes with a ragged appearance, parti- 
ally ccrroded by muscovite and quartz. If feldspar 
is present it comprises subhedral, rather fresh lamellar 
twinned oligoclase. Quartz is often associated with 
muscovite and sericite. Aggregates of quartz, musco- 
vite and sericite. are common. 


Tourmaline occurs as black schörl, O olive brown, 
E bluish-grey. Garnet (almandine) shows subhedral 
grains with a poikiloblastic and fractured texture, 
the inclusions are biotite. It can be observed that the 
garnets have been corroded by quartz. 


Chloritization and sericitization of the schists is 
found only in places, both if seen through the micro- 
scope and when observed in the field. 


The writer is of the opinion that the schists 
are of sedimentary origin and have mainly been 
of argillaceous nature. They were metamorphos- 
ed into the epidote amphibolite facies, now 
showing retrogressive metamorphism to some 
extent. 
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2. Biotite gneiss 


On the whole, this rock rather resembles the 
biotite-quartz schists, but contains more feldspar 
and quartz and is much less schistose in ap- 
pearance. The weathered surface is brownish- 
dark grey and shows a conspicuous quartz band- 
ing. This banding is less distinct on the fresh 
surface. Through the hand lens the rock has a 
gneissic texture and contains plagioclase, biotite, 
quartz and some garnet. 


3. Tourmaline pegmatites 


The majority of the tourmaline pegmatites 
occurs in the schists. They are almost invariably 
parallel in dip and strike to the schistosity, and 
range in size from stringers up to lenses 150 ft. 
wide and some hundreds of yards long. Schist 
bands of varying width occur within the peg- 
matitic lenses. Generally these bands run parallel 
to the main direction of the local schist foliation. 
In places, the pegmatite can be observed to be 
growing out of tiny quartz-feldspar stringers 
coarsening along strike to a well developed tour- 
maline pegmatite or a series of smaller peg- 
matitic lenses. 

Most of these pegmatites show sharp contacts, 
others have a grading and transitional schist- 
pegmatite-schist appearance. Foliation of the 
tourmaline pegmatites can be observed oc- 
casionally,. Rather frequently the pegmatites 
have a marked quartz-mica wallzone, some- 
times with large euhedral tourmaline crystals 
perpendicular to the walls. 


The tourmaline pegmatites consist of coarse 
K-Na feldspar, quartz, muscovite, and smaller 
grained oligoclase. 


Dark green to black tourmaline forms euhedral 
to subhedral crystals. Garnet is rare and may 
occur in bands, very seldom the garnet develops 
into crystals up to 40 mm in diameter. Biotite is 
an accessory, though in a few places biotite 
occurs as the larger mica. 

The tourmaline pegmatites have no relation 
with the tin mineralization, and are older than 
the tin-bearing pegmatites. 


A close relationship between the tourmaline 
pegmatites and the later stages of the deformat- 
ion of schists and gneisses is manifested by all 
field observations. For instance, tourmaline 
pegmatites can be observed conformable to 
troughs of pitching dragfolds, and the general 
occurrence of these rocks at Kamativi leaves no 
doubt that the pegmatites grew in places where 
the free energy of the quartz and feldspar 
minerals was at a local minimum because of low 


pressure. 


476 
4. Tourmaline gramite-gneiss 


North of Chingahari a wide band of a tourma- 
line bearing granite-gneiss occurs. With the 
aplitic granite and quartzites, this type of rock 
belongs to the most leucocratic of the basement 
system, It contains orthoclase, microcline, oligo- 
clase and quartz. Small ragged crystals of biotite 
are almost invariably replaced by muscovite- 
sericite. Tourmaline occurs as euhedral and sub- 
hedral crystals varying in size from 0.5-4 mm. 
In places the rock contains more biotite. The 
texture of the rock passes from a granite into a 
true gneiss. Occasionally a few schists bands are 
present. Numerous quartz-feldspar veinlets 
oriented parallel to the foliation occur in the 
more gneissic parts. 


.:Seen through ‘a microscope, the majority of the 
grains have an irregular outline (xenoblastic). Neither 
blasto-psammitic fabrics nor cataclastics have been 


observed. A 


sutured and poikiloblastic fabric is 
common. 
Quartz has grown at the expense of all other 
minerals, except muscovite-sericite. 


From relationship in the field rather than by 
microscopic characteristics, it is believed that the 
tourmaline granite represents a granitized psam- 
mitic-pelitic sediment, 


3. Aplitic gramite 


Ihe term aplitic granite should only be 
applied to the western extension of a long, 300- 
700 ft. wide band running south of the north- 
eastern granite with a strike of 105°. This band 
comprises aplo-gneisses, fine grained quartzo- 
feldspathic rocks, aplo-granulites and metaquart- 
zites but the fine grained character of the whole 
rock-series may for the time being permit the 
use of the collective term. | 

The detailed field mapping of these rocks is 
not facilitated by factors such as bad exposure 
and their transitional boundaries, probably due 
to slight original changes in facies, with 
a different yielding to the granitization Process, 

In places the structure indicates intense plastic 
movements. Some rocks contain biotite, in others 
the mineral is not present. Near the south to- 
wards the schists the rocks grade into a fine grain- 
ed banded biotite gneiss with andesine, quartz 
and biotite, showing numerous micro-folds. 

Several fabric axes of minor folding in the 
whole rock-series have been measured, the b 
axis varies in the 250-275° direction with 
30-63° pitch, the a axis varies from 70-80° N 


6. Ouartzite 


Between the 'aplitic granite and the main 
north-eastern granite occurs a small elongated 


band of fine-grained meta-quartzite with disnct 
sedimentary characteristics as layered baning 
of different colour and granularity. Sometnes 
the rock is very fine-grained and almost a hrn- 


fels. In places it shows micro-folding (fig3) 


with b axis 250° pitch 64° or 275°/53°. 


Seen through the microscope: 
Quartz shows fine inequidimensional sutured guns, 
sometimes with a parallel arrangement. Biotite anırs 
as minor flakes. Epidote in smaller grains or asre- 
gates is disseminated in the thin slide. Sillimane is 
present with a few acicular crystals. Orthoclz is 
found, as a few porphyroblasts. 


7. The north-western granite and its surrund- 
ing migmatite 


Geological mapping carried out by Phaar, 
showed that the biotite granite in the N. is 
located in the middle of migmatized Istite 
quartz schists. 

The centre of the partly lens-shaped gmitic 
body consists of a non-oriented, equigranlar, 
medium-grained biotite-granite compsing 
orthoclase, oligoclase, quartz and biotite. Wlus- 
covite, partly replacing the darker mica, sems 
the younger mineral. 

The outer rim of the granite has a geissic 
character. The migmatite-granite contact iscon- 
formable with the schistosity of the migıatite 
and no cross-cutting granitic rocks are obsved. 

From underground mining at the easter: bor- 
der of the granite body, we know tha: the 
migmatization of schists increases towatz the 


granite. Conformable granite bands and enses 


in the schists bring about the migmatite. [rue 
lit-par-lit structures, arterites and schis in 
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Fig. 3 — Microfolding on weathered suace of 
quartzites 
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various stages Of eplacement by granite are 
commonly observed Granitic bands containing 
remnant nebulitic singers of biotite-schist are 
also present. Mine workings cutting through 
huge granite bands, sometimes show replacement 
features, whilst towrds their centre the bands 
are altered into a normal granite with 
porphyroblasts of oshoclase and muscovite. 


Garnet is not unommon. Occasionally, newly 
formed biotite crysts up to 40 mm in diameter 
are also developed ı the granitic bands; their 
orientation is about»arallel to the foliation of 
neighbouring schist 


Boudinage structwes of migmatite banding 
indicate that the forıation of the migmatites is 
contemporaneous wit later stages of the regional 
metamorphism. 


The absence of «ss-cutting granitic rocks, 
and the occurrence o'conformable contacts link- 
ed with the gneissic cientation along the border 
zone of the cupola, sggests that the emplace- 
ment of the N.W. Intite-granite depended on 
the structural situatio: without real large-scale 
mobilisation. 


The larger migmare banding occurs east of 
the converging bouncries. It can be found in 
underground working: nearly a mile eastward 
from the body. The “squency of occurrence of 
granitic lit-par-lit muht be attributed to an 
initial pressure shadov in this region. 


As the western pasof the cupola is badly 
exposed and no petroleical field- and laboratory 
work has been done, t& writer still has an open 
mind on the question # to whether this massive 
granite was emplaced by granitization. 


8. The north-eastern sanite 


The north-eastern zunite occupies a much 
larger area than the western, and is quite 
different from it. Atıhe Kamativi side the 
granite is of a porpyritic type and more 
gneissic, K-Na feldspar prphyroblasts have grown 
suboriented with a gencıl direction of N.70° E. 
Towards Kalinda the sranite becomes more 
massive but keeps a slıhtly gneissic character 
throughout, which is cased by a more or less 
parallel arrangement of iotite between lenticles 
of quartz and feldspar. Veins of quartzo-feld- 
spathic composition are lso oriented according 
to the general NE dir«ion. 


Seen through the microwpe this granite contains 
abundant quartz with neroline, and oligoclase- 
andesine, pale biotite of desssate fabric, often partly 
resorbed by quartz. Garn«'is a common accessory., 
Zircon is present with a fw grains. „7 
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granite and the adjacent schists in the south 
should be noted. East of Kalinda the slightly 
gneissic texture and banding of the granite is 
parallel to strike and foliation of the schists 
(75—80° E) with the schists dipping away from 
the granite. At Kamativi the schists and other 
metamorphic rocks in contact with it strike at an 
angle of 30 degrees with the general 70° direct- 
ion, and dip towards the granite. 


9, Dolerite 


A few dark green basic dykes cut schist, tour- 
maline pegmatites and granite. Hence, they are 
younger than the basement röcks. They appear 
to be older than the tin-pegmatites. 

In the handspecimens there are two variations. 
One type is a dark green medium grained rock, 
with irregular feldspathic patches. The other type 
is a darker green fine-grained, massive rock with 
some 2-3 mm oval shaped feldspathic spots. 


Seen through the microscope the latter rock is 
subophitic. Plagioclase laths, with albite and carlsbad 
twins average 0.4x0.1 mm, with a composition 
about 40°/o An. The larger laths are partly turbid, 
the smaller ones fresh with a narrow outher rim of 
A more acid composition. 

The oval shaped feldspathic patches appear to be 
an aggregate of feldspar crystals extensively saus- 
suritized. 

Hornblende occurs in aggregates and some large 
crystals, length green, width pale yellowish green, 
and C/Z = 19°. Part of the hornblende is replace- 


ment of biotite. 
Bictite is associated with the hornblende, but 


greater concentrations occur in clusters around an- 
hedral grains of a completely altered mineral, prob- 
ably pyroxene which altered into opaque matter and 
calcite. Sphene is an important accessory. 

Quartz is present between some feldspar. 

The rock is constituted of about 48% hornblende, 
43 % plagioclase, 5% biotite, 2% altered pyroxene, 
and 2% quartz. 


V. THE TIN BEARING PEGMATITES 


In respect of their position in the countty- 
rock two types of tin-pegmatites can be dis- 
tinguished: 

(1) vertical or steeply dipping pegmatites, 
which may either cut or follow the schistosity, 

(2) flatly dipping tin-pegmatites. 

Their relationship is not definitely establish- 
ed. Steeply or vertically dipping tin-pegmatites, 
which appear to be straight forward and general- 
ly: conformable to the schistosity of the schists, 
occur outside the eye-shaped area. Their widths 
vary considerably; at Kamativi from 1-10 ft., 
at Lutope from 8-25 ft. At the Gwaai river valley 
such a vertical pegmatite crops out over a vertical 
distance of more than a thousand feet, and 
further to the east the same pegmatite occurs in 
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the hanging as well as in the footwall of a flatly 
dipping one. It is still unknown which of the two 
is the younger. 

Inside the eye-shaped configuration the ver- 
tically dipping tin-pegmatites are much less 
frequent and nearly always unconformable to 
the schist foliation. On the other hand these 
pegmatites branch from the hanging of a flatly 
dipping pegmatite and can be considered as 
offshoots. 

The majority of the tin-pegmatite outcrops 
shown on the map belong to flatly-dipping 
‘'reefs’. Several of them can be regarded as once 
having been connected. As they are much more 
important economically than the steeply dipping 
'reefs’, the former have been better studied. 

It seems feasible to divide the flatly dipping 
pegmatites into non-lithium and lithium bearing 
pegmatites. The non-lithium bearing pegmatites 
do not contain Li-minerals, except a very little 
amount of amblygonite. Their Lig,O content 
does not exceed 0.05 %, as against the lithium 
bearing pegmatites which show values up to 
1.2 % LisO with an average of about 0.25 %. 


The former are usually slightly pink in colour» 


due to pinkish orthoclase whilst the latter are 
greyish-white. 

Investigation of bulk samples of lithium 
bearing pegmatites revealed that they contain 
50-60 %feldspar, 15-25 % quartz, 15-20 % mica 
and 5-10 % spodumene, amblygonite, cassiterite 
and tourmaline. 

At Kamativi no direct connection between the 
granite and pegmatites can be traced. 

The north-south running tin bearing pegmatite 
occurring in the north-western granite cupola 
is emplaced in a fault. This feature suggests that 
the source of the pegmatitic material may be 
linked up with this granite, and it points to a 
deep seated source, which would account for the 
emplacement of the big vertical pegmatites. 

On the other hand, the flatly dipping 
pegmatites, although it can be argued that they 
were all connected originally, have such varying 
spatial relationships with respect to each other 
and to the present erosion surface that further 
field mapping cannot be of great help. Extended 
diamond drilling can do much better in finding 
the missing links and tracing the common source. 
In fact, it has already located pegmatites at 
greater depth and of greater width completely 
unknown before, but such drilling naturally 
must have economic possibilities from the start, 
before any further drilling in a certain area is 
warranted. 

No mention has been made of the tungsten 


mineralization. A little wolframite has been 
found in a quartz 'reef’ at Kamativi. Lutope and 
Kalinda seem to contain more wolframite and 
also scheelite. But the matter has not been 
studied. 


VI. THE INTERNAL STRUCTURE 
AND TIN CONTENT OF THE TIN 
PEGMATITES 


Kamativi’s tin pegmatities must be regarded 
as complex pegmatites. They cannot be readily 
divided into units of contrasting mineralogy or 
texture. The best division that can be made, 
appears to be non-lithium bearing against lithium 
bearing pegmatites. 

On the whole, nen-lithium bearing pegmatites 
contain more cassiterite, especially near the foot- 
wall. Lithium bearing pegmatites average lower 
Sn-values, their wider lodes have disseminated 
cassiterite and zoning is more pronounced. 


Apart from their Li-mineral and tin contents, 
the lodes of normal 2-6 feet width, are litho- 
logically and structurally similar. 

On a detailed scale, definite types of units 
can be recognized by difference in grainsize or 
orientation of their. minerals. But the sequence 
of the units, and their interrelations are so vary- 
ing and complex that it is only possible to 
distinguish a few main features. 

Most of the outcrops show coarse to giant- 
grained orthoclase of which microcline plays an 
important role. Quartz may be abundant, but 
mica and albite are less than average. This type 
of pegmatite is almost devoid of cassiterite. 
Often the micrecline forms a solid wall up to 
3 ft. in width at the hanging of the pegmatite 
body. This feature may occur isolated but also 
over a large area. 

Downdip the microcline decreases rapidly, 
albite becomes more abundant, sometimes to the 
point at which one should speak of an albite 
lode. Cassiterite increases. A hanging and foot- 
wall selvedge of quartz and mica develops. The 
two selvedges are the only regular features in- 
dicating a 'zoning’ of the. pegmatite. 

The hanging wall selvedge has nearly always 
the greater width (1-14 inches). It comprises 
coarse grained quartz and wedge-shaped book 
mica, though fine grained mica may take the 
place of the coarser muscovite blades. 

The footwall selvedge normally shows a more 
massive texture, its width is usually smaller 
(13-6 inches) and consists of coarse to medium- 
grained quartz and muscovite. Occasionally the 
footwall selvedge contains some albite as well. 

The wall-zones remain continuous and they 


can be traced to the narrowest pinches of the 
lode downdip. 


As the pegmatites at the outcrop often have a 
smaller angle of dip, the outcrop often forms a 
crest. Near the crests the thinner pegmatites have 
their greatest widths i.e. 10-30 feet. 


The lack of a marked wall zone at the crests 
occurs i.a. in the White Spar pegmatite, Custer 
County, South” Dakota, and the Strickland- 
Cramer pegmatite, Portland, Connecticut (Ca- 
meron, , 1949). 

Intermediate zones and cores in the pegmatit- 
es are usually absent. They can be observed, but 
they are by no means consistent. 


Zoning of the pegmatites is best developed 
in pinching lodes. There one can find the 
‘classical’ internal structure of: 


(1) a fairly fine grained quartz mica hang- 
ing and footwall zone, 


(2) a very coarse grained quartz mica, 
intermediate zone with large mica flakes about 
perpendicular to the contacts, 


(3) a quartz core. 


Banding of coarse and fine albite and quartz 
can be found occasionally. Generally the banding 
is parallel to the walls, but sometimes it makes 
an angle with the main dip of the pegmatite. 


Apart from the selvedges, the upper part of 
the pegmatjtes contains orthoclase, coarse quartz 
and mica, whilst the bottom part comprises al- 
most pure albite. The contact between the two 
units may be sharp, but more often it is irregular 
and grading. Such features suggest a replace- 
ment of 'primary’ K-Na feldspar, quartz, and 
mica by 'secondary’ albite. 


Normally, the greater concentration of 
cassiterite occurs just above the quartz-mica 
footwall selvedge. This mineralization appears 
to be very persistent. It occurs in a high grade 
tin lode as well as in a low grade non-licthium 
bearing pegmatite, but less distinctly in the 
lithium bearing pegmatites of greater width. 


Pegmatites with a high cassiterite concentrat- 
ion near the hanging wall selvedge are less 
common. 


The following units can be observed in both 
the lithium and non-Li pegmatites. 


Quartz blows of irregular shape and size. They 
consist of milky quartz and coarse mica, and 
very seldom they reach the footwall selvedge. 
These blows usually have a rim of coarse mica 
with coarse cassiterite in a high grade albite 
pegmatite and occur without the tin mineral in 
a low grade 'reef'. 
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Greissen blows are more commonly observed 
in a lithium bearing pegmatite, This type consists 
of quartz of 3-20 mm. diam., muscovite of 
3-15 mm diam. and medium to coarse grained 
cassiterite of every shape and varying between 
2 and 40 mm diam. The cassiterite content may 
reach 15-30 vol. % of the rock. 

These greissen units have a prismatic shape, 
lying parallel to the walls of the pegmatite and 
1-2 feet above the footwall selvedge. They may 
measure several tens of feet in length, 15-20 
feet in width, and up to 2 feet in height. At their 
foot, they may have a concentration of chal- 
copyrite, arsenopyrite and pyrite-marcasite. 

Another type of greissen is of irregular shape 
and contains sugary quartz and albite, and fine 
grained greenish-yellow mica, together with 
some cassiterite and tantalite-columbite. 

The vertical or steeply dipping tin pegmatites 
have a different petrography compared to that 
of the flatly dipping ones. Quartz, muscovite 
and cassiterite occur to a smaller extent in the 
steeply dipping pegmatites, though they may 
show greizenized portions, which carry these 
minerals in greater amounts. Orthoclase, often 
occurring as microcline, is present to a greater 
extent as compared to the flatly dipping peg- 
matites. 


Large, 1 foot, long crystals of microline are 
often found in the middle of the pegmatite 
perpendicular to the walls. A marked banding 
parallel to the walls may exist, but a hanging or 
footwall quartz-mica selvedge is lacking. Some 
of the longer steeply dipping lodes can hardly 
be called pegmatites;, as they have an aplitic 
texture with some pegmatitic banding. Cassiterite 
appeats to be. more disseminated. Vertical 
pegmatites contain ragged portions of biotite- 
schists parallel to. the walls, whilst schist in- 
clusions in the flatly dipping reefs always show 
a clean-cut appearance. 


The following description is given of two types 
of non-lithium bearing banded flat pegmatite, which 
appear to be of somewhat greater occurrence. 


Type I. 
Coarse mica-quartz selvedge 3 ä 
Albite 1.5° 
Coarse mica+ quartz 3 
Albite with disseminated cassiterite DA 
Coarse wedge mica-quartz selvedge Dt 
fine grained albite 13 R 
Albite + mica 11 
Medium grained quartz + mica selvedge 257 
Type II. 
Coarse wedge mica-quartz selvedge Da 
Coarse mica and microline, and quartz 147° 
High concentration of medium grained cas- 
siterite + sugary albite 4" 
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Albite, quartz -+ cassiterite 23 
Mica-quartz-albite selvedge 3 


A third type represents a lithium-bearing peg- 
matite, of greater width, discovered by diamond 
drilling. 

Type II. 


Description is compiled from thin slide investigat- 
ons. 


Depth 


1328” 138’ Quartz-muscovite with albite. 

138° 1448” Oriented albite with quartz and 
musccovite, little spodumene and 
amblygonite is altered by ortho- 
clase-sericite mass. 


1448  153’8” Spodumene and amblygonite with 
albite. Accessory: cassiterite, sericitic 
alteration of spodumene and ambly-, 
gonite. er 

153’8” 155’8” Albite with quartz and muscovite” 
Accessory: amblygonite, altered 
spodumene, cassiterite. 


155'8” 159'8” Quartz surrounded by albite and 
kaolinized orthoclase, muscovite. Ac- 
cessory: amblygonite, 

159'8” 163’6” Quartz surrounded by albite, kaol- 
inized orthoclase and muscovite.. 
Accessory: spodumene, apatite. 


1636” 169'5” Muscovite, quartz, coarse albite, 
altered by fine grained mass of 
sericite, albite quartz. 

Accessory: altered spodumene and 
cassiterite. 


1695” 171'3” Quartz surrounded by albite and 
muscovite. Albite is altered by or- 
thoclase along cleavage planes. 
Accessory: apatite and limonite. 


1713” 175'9" Quartz surrounded by albite and 
some muscovite. 


175'9". 180'2” Albite, muscovite and quartz sur- 

rounded by fine grained orthoclase 
kaoline, sericite and quartz. 
Accessory: altered spodumene. 
In one instance coarser grained 
albite has been replaced by finer 
grained oriented albite laths, with 
muscovite. Albite and muscovite 
occur in two generations, 


180'2” 18610” Albite, quartz and muscovite. 


Accessory: apatite, cassiterite and 
limonite, 


18610” 1878” Albite, quartz and amblygonite. 
Accessory: spodumene and cassiter- 
ite (the tin mineral occurs between 
the muscovite crystals). 


187'8” 1896” Quartz, albite and altered ortho- 
clase. Muscovite is associated with 
albite. 

Accessory: amblygonite and cassiter- 
ite. 

1896” 192’9” Albite, quartz and muscovite with 
some orthoclase. 


1929” 195’ Albite, quartz with muscovite and 
amblygonite. 
Accessory: euhedral cassiterite part- 
ly replaced by albite and quartz. 
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Appendix No. 1 — Schematic Sections of the Kamativi area. 
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Appendix No. 2 — One point perspective of the pegmatite in Rse2El1 Hangingwall lode AA. SEN gar 


The probable order of crıystallization, as 
established from the thin slides is as follows: 
(old to young) cassiterite, apatite, albite, musco- 
vite, arthoclase, (myrmekite), quartz, spodumene, 
amblygonite (eucryptite), fine grained orthoclase- 
sericite, kaoline, limonite. 


VII. THE STRUCTURE OF THE NORTHERN 


TIN PEGMATITES 
Along the northern part of the Kamativi area 
one finds four main outcrops of tin-pegmatites 
(from east to west: Area 1, 2, 3 and 4), having 
a northern dip, and pinching out in depth. The 
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a 
most western of these outcrops (Area 4) has 
been developed by extensive underground 
mining revealing in detail a complicated 
structure, which if extrapolated to the south and 
east on a larger scale, makes it conceivable that 
at least three of those outcrops were connected 
originally. 

The structure revealed can be described as a 
fan’ structure. Several offshoots or lobes of 
pegmatite having a very slightly different strike 
and dip, hinge with each other in a westerly 
direction and towards shallower depths. Going 
downdip the 'fan blades’ or offshoots gradually 
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Appendix No. 3 — Detailed sections of pegmatite Rse 2W2 4B. 
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Fig. 4 — Portion of general underground plan Area 4B, showing the fan structure’ by the occurrence of a 
hanging wall lobe hinging with the footwall pegmatite west of Raise 2 W 2 


become smaller and more numerous. Hence, it 
seems rather appropriate to infer the same 
structure on a larger scale updip to the south- 
east, and to assume that once the pegmatites of 
the northern area were connected. Moreover, the 
pegmatites are very similar in texture and 
mineralogy. Their tin-content is higher than that 
of all other lodes. 

Further, — although this argument is not 
necessarily valuable to their pure structural re- 
lationship — the pegmatites of the northern area 
are all emplaced in migmatites or granite. Both 
rocks are more solid compared to the schists. In 
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the lode pinches towards the north and laterally 
towards the east. 

A “fan structure’ is demonstrated by a portion 
of General Underground Plan Area 4 B, fig. 4, 
showing a footwall lode with downdip pinch and 
a hangingwall lode with upward pinch. The 
pegmatite lobes join west of Rse 2 W 2; at this 
raise they are overlapping. Detailed sections of 
this feature in Rse 2 W 2 are given in Appendix 
No. 3. 

On a larger scale the occurtence of a 'fan’ 
structure has given rise to an extensive hanging- 
wall and footwall pegmatite in section 4 A. The 


Fig. 5 — Block diagram Chingahari Section 


economic geology it is a well known fact that 
fissure systems start to pinch out when penetrat- 
ing from soft into more solid rock. It seems, 
therefore, as if mineral bearing solutions forcing 
their way through to more solid rocks, have had 
a greater oppotunity to drop their mineral 
content into them before definitely pinching 
out. 

It would take us too far to describe in detail 
the pinching feature and the 'fan structure’ in 
this paper. But since we can hardly do without 
ıt, because both features have an important bear- 
ing on the underground mining of the pegmatite, 
I would like to state a few examples. 

Appendix No. 2 shows a one point perspective 
0 a pinching pegmatite developed by a raise; 


% < 


same feature is found in Chingahari in the 
western area of Kamativi (fig. 5). 


Faulting of the flatly dipping pegmatites does 
occur, but nowhere does the displacement cause 
great difficulty from a structural point of view. 


Offsetting is limited to a few feet. It has been 
proved that some of the faults already existed 
before the emplacement of the pegmatite. This 
can be established by the offsetting of granitized 
bands in the schists, and no offset of the cross- 
cutting pegmatite by the fault. However, in 
other instances the faults have been rejuvenated 
bringing about some displacement of lode. 


More by bad hanging rather than by dis- 
placement, faults cause trouble in mining. 
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Fig. 6 — Drawing of flat-lying pegmatite cutting through migmatized schist. 


VII. THE MECHANISM OF THE 
TIN-PEGMATITE EMPLACEMENT 


Structural and textural features produced by 
the relation between pegmatite and country rock 
might tell us about the emplacement mechanism 
of the tin bearing pegmatites. 

As the flatly dipping pegmatites are better 
studied than the vertical pegmatites, all data 
mentioned herewith concern the former ones. 

R. A. Chadwick (1958) discusses most of the 
criteria according to which a probable emplace- 
ment mechanism can be established. Using his 
classifications as tools, a systematic analysis 
reveals the following: 


Non-Deplacement of country rock (1)3 

A pegmatite may have crystallized in an 
opening formed before or during the ingress of 
pegmatitic material. The wall rock formerly oc- 
cupying the site of the present pegmatite may 
either have moved bodily outward, to make 
room, or a process was involved in which no 
bodily displacement of host rock on a measurable 
scale had taken place. 


3 ‚Number refers to R. A. Chadwick’s main. classifi- 
cations. 


At Kamativi, the latter type of non-displace- 
ment appears to be present. Wall rock units 
are missing. This feature is clearly observed in 
places where the tin-pegmatite cuts a tourmaline 
pegmatite or better still, a migmatite banding 
in the schists. Portions of the older rocks have 
disappeared, leaving dissimilar parts of them on 
either side of the cross cutting pegmatite (fig. 6). 
Only in very distorted schist areas in the 
eastern region, smaller pinching pegmatites or 
echelons thereof are conformable to the foliation 
planes of the folded country rock. 

Irregular rounding contacts cut undisturbed 
foliation of country rock. 


Mobility (3) 

There is ample evidence that the material now 
occupying the site of the present pegmatite was 
mobile during emplacement. 

Rather big inclusions of host rock have been 
rotated; their foliation shows a different strike 
and dip compared to that of hanging and foot- 
wall contacts (fig. 8). Small roof pendants of 
schists at the hanging wall contacts sometimes 
show fracture and partial dislocation. 

Usually, the wallrock contacts are clean cut. 


Fig. 7 — Flat-lying pegmatite cutting through migm- 
atized schist 


Elongated larger portions of host rock in the 
middle of the pegmatite with their long axis 
parallel to the walls may, however, have a 
foliation which remained exactly parallel to that 
of the wall rock. 

Flow textures of albite rich bands are 
occasionally observed. Sometimes they are nicely 
banded around rotated or steady inclusions of 
schists. 

Inherited textures or relics of country rock 
units, which may indicate complete non-mobile 
emplacement have been found. Such features 
are rare (fig. 9 and 10). They have never been 


Fig. 9 — Replacement of schist by pegmatite (centre 
of picture) 
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Fig. 8 — Rotated schist inclusion in pegmatite; note 
different strike and dip if migmatite banding 


observed along the walls of the pegmatites but 
they do exist around inclusions of country rock 
in the tin-lode. Very seldom one finds dark 
streaks of biotite in the middle of the pegmatites, 
but they may represent almost totally absorbed 
xenoliths. 

The tin pegmatites have well developed border 
zones. Especially the hanging wall selvedges 
show pegmatite ciystals widening inwards, 
which are perpendicular to the contact. This 
feature is attributed to crystal growth from the 
wall into a liquid or gas-filled space. It can be 
better explained by assuming mobile pegmatitic 


Fig. 10 — ‘Ghost’ feature of totally replaced schist 
inclusion in centre of pegmatite 


rn 


Fig. 11 — Ptygmatic folding in biotite-gneiss 


material rather than by metasomatic growth 


(Chadwick, 1958, pg. 819). 


Introduction of pegmatitic material (4) 


Assuming a rather mobile process for the em- 
placement of the tin pegmatites, one may 
wonder whether the material was derived from 
the host rock or whether it came from elsewhere. 

No chemical analyses are available of wall 
rock and pegmatites. Therefore, no definite 
solution to the problem of the origin of peg- 
matite can be reached. But the chemical com- 
position of biotite quartz schists seems to the 


Fig. 13 — Granitized schist with remmants of un- 
altered schist. 


IS 


Fig. 12 — Tourmaline pegmatite conformable to 
schist 


writer reasonably different from that of the 
pegmatites to preclude it, at present, as the sole 
source of pegmatitic constituents. 

Judging from visual observation, the country 
rock adjacent to the pegmatite is not impoverish- 
ed in some of its minerals as compared to 
country rock much farther away from it. 

It would seem that things are stressed too far 
by presuming the derivation of pegmatitic 
material from the immediately surrounding wall 
rock. 

An argument for the introduction of peg- 
matitic material against local derivation has been 


Fir. 14 — Lit-par-lit migmatite and larger granitized 
band showing boudinage structure. Top, cross-cutting 
permatite. Note small footwall selvedge of pegmatite 


Fig. 15 — Detailed picture of figure 8. Clean-cut 
rotated inclusion and inclusion showing replacement 
by pegmatite 


an enrichment of pegmatitic constituents in the 
wall rock. 

At Kamativi alteration of wall rock, adjacent 
to the discordant pegmatites is extremely slight 
and usually limited to a tiny tourmaline enrich- 
ment (width 14”) right at the contact. In places 
this band may be wider and may eventually 
reach a width of 1-2 ft. The tourmaline is 
schörl; it occurs in a hard massive layer com- 
posed of small crystals, which sometimes extends 
long needles perpendicular to the contact into 
the schists. But as the schists themselves are 
rather rich in black tourmaline, the use of this 
feature as an argument for the introduction of 
pegmatitic material into the country rock seems 
valueless. 

Diffuse leucocratic material introduced into 
the schists by the pegmatites has only been 
found in a few isolated spots where the country 
rock appeared to have been contorted intensive- 
ly. In such weak places, the lode apparently 
was able to give off some of its bulk material to 
its enclosing neighbour. 

In conclusion it may be noticed that the 
mechanism of pegmatite emplacement at Kama- 
tivi has not caused major displacement of 
country rock. Pegmatitic material was probably 
introduced into the site where it was bodily 
mobile during emplacement, though probably 
not to a great extent. The regional setting of 
the flatly dipping pegmatites in Kamativi’s eye- 
shaped schist belt strongly suggests that the 
material was introduced through and controlled 
by minor tensional joints after which stoping of 
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Fig. 16 — Stope-face with the centre greizenized 
portion of pegmatite. 


wall rock took place. In one location a feature is 
known which may support this theory. Here a 
2 inches wide pegmatitic stringer branches off 
from the hanging of the main reef and pinches 
gradually. Its strike and dip are completely 
parallel to a minor tensional joint (width 
3 mm), which still can be followed over a 
distance of 6 feet after the stringer has pinched 
out. Moreover, the strike and dip of the joint 
are exactly parallel to the general strike and dip 
of the main pegmatite. 

Several other joints partly filled with peg- 
matitic material have been observed but strike 
and dip of these could not be established with 
certainty. 


IX. THE MINERALOGY OF THE 
TIN-BEARING PEGMATITES 


Amongst the first minerals which crystallized 
from the pegmatitic material, orthoclase and 
microline are the most important. 


Orthoclase often occurs in large crystals, 
sometimes a few feet long, and usually shows a 
pinkish colour. 

Through the microscope it can be observed 
that the mineral is in a state of alteration and 
tecrystallization. A simple exsolution perthite 
is often almost totally destroyed by a character- 
istic replacement perthite. Albite veins form 
stringers through the orthoclase. From the 
stringers albite laths grew which may coalesc in- 
to pockets totally replacing the orthoclase 
(among others described by Ewart (1958)). 


488 


Fig. 17 — ‚Two generations of albite from a tin 
pegmatite at Chingahari (alkali-granitic composition) 
(transmitted polarized light, crossed nicols 1 mm 
photo = ca 119 u). 

The more or less grey to black areas are quartz 
grains. 

Albite is present in the form of many very fine 
and fine-grained euhedral to subhedral needles (two 
generations). 


Quartz and sericite are often present in the 
mineral. 


Microline appears to be less altered than 
the orthoclase. Quartz-porphyroblasts up to 
30 mm in length may occur in the microcline; 
usually this quartz shows a subhedral to an- 
hedral shape. Small crystals of muscovite and 
albite commonly occur in the mineral. 


Quartz undoubtedly occurs in more than 
one generation. It often shows undulose ex- 
tinction in thin slides. 

Myrmekite and micrographic quartz can be 
found in the feldspars. 


Albite. Normally the mineral shows a 
maximum extinction of 17.5° of X on [100], 
representing pure albite with 0-5% An, or nx 
= 1.528 on [010}. It certainly shows at least 
two generations in the non-lithium bearing peg- 
matites. (fig. 17) A coartse grained generation, 
which may reach a grainsize of 600-6000 u, and 
a fine grained generation of 50-400 u. Part of the 
fine grained albite may have recrystallized from 
the coarser grained albite. 


However, pegmatites having a marked band- 
ing in the centre, show that the banding consists 
of. layers of medium grained albite + quartz, 
coarser grained quartz + muscovite, and fine 
grained albite + quartz. The quartz appears 
to be younger than albite or muscovite. 

The albite crystals are subhedral, show simple 
twinning and decussate arrangement. 

In another banded pegmatite banded eyes 
(1-4 mm in size) of quartz occur around which 
albite lachs show a.fluidal texture (fig. 18). 


Fig. 18 — Quartz areas surrounded by subhedral to 
euhedral albite laths, showing a fluidal texture of a 
tin pegmatite (area 8) (transmitted polarized light, 
crossed nicols, 1 mm photo = ca 119 u). 

The more or less grey to black areas are quartz 
grains. The laths, showing twinning, are albite 
erystals. Near the center and also in other parts of 
the photograph are many muscovite flakes (medium 
grey — scarcely visible). 


Fine grained albite occurs in veins showing a 
parallel orientation within layers of coarser 
grained albite. In this thinslide the quartz is 
probably older than the albite. 


Cleavelandite a lamellar variety of 
albite may occur in the non-lithium bearing 
pegmatites, but this mineral occurs much more 
frequently in the lithium bearing 'reefs’. It is 
seen in radiating aggregates up to 6 inches. 


Muscovite. Most of the mica is ordinary 
muscovite with — 2V = 40-45°. It also occurs 
in different generations. The colour varies from 
pinkish to greenish, but is often colourless. 
Coarse book-mica up to 21% inches is found in 
the hanging selvedge of the pegmatite. The foot- 
wall selvedge shows mica only up to half thatsize. 


The muscovite is invariably associated with 
quartz. Greizenized portions in the pegmatite 
show aggregates of fine grained greenish mica, 
sugary albite and medium grained quartz. 


Cassiterite. Usually, the mineral is 
black and may have every grainsize up to 2 
inches in diameter. The crystals are subhedral 
and sometimes show simple 'knee’ twins. Ruby 
cassiterite is found in certain places in the south- 
west of Kamativi. 


Tetragonal-bipyramidal crystals do occur in 
some pegmatites. They might indicate a crystal- 
lization at higher temperature. 


Through the microscope it shows intensive 
pleochroism, pale brown to deep reddish brown, 
it may also be colourless with a brown zone- 
banding. Some of the bigger crıystals have 
fracture lines, the fractured parts are often ce- 


Fig. 19 — Zoned tourmaline crystals embedded in a 
quartz zone of a tourmaline pegmatite (transmitted 
polarized ordinary light, 1 mm photo = 123 u). 

Light grey areas are quartz grains; somewhat 
darker grey mottld specks — sericitized plagio- 
clase grains. The lighter parts of three tourmalıne 
crystals (dark grey on photograph) have blue colors; 
the darker parts( very dark grey on photograph) are 
olive green. The left hand top corner tourmaline 
grain is of medium olive green color; the darker 
areas (on the photograph) here are blue. 

The dark grey line in the center of the photo- 
graph represents the contact line of the cover-glasses. 


mented by albite. Coarse cassiterite contains 
numerous inclusions of twinned euhedral albite 
laths and mica (diam. 100-200 u). In this way 
an excellent poikiloblastic fabric has been creat- 
ed. However, the edges and rims do contain 
much less inclusions and show a darker colour 
than the centre of the crystal. This fact points to 
blastic growth. 

Other cassiterite crystals have corroded out- 
lines, especially where the mineral occurs ad- 
jacent to fine albite and quartz. Minute veinlets 
of albite and quartz replacing orthoclase are 
seen to continue into the cassiterite. 

Columbite-Tantalite occrs in 
small quantities in all pegmatites. However, a 
few big pegmatites rich in albite contain a 
greater amount thereof, but even then the oc- 
currence is erratic. The mineral has a platy 
shape, often with a conspicious striation. The 
grainsize is usually small 0.5-3 mm, but some 
crystals up to 20 mm have been found. The 
colour is brownish-black. Pure columbite-tantalite 
of Kamativi shows the normal straightline re- 
lation between the two pentoxide percentages 
and the specific weight of the mineral. Impurities 
Sn and TiO, prevent, the Ta5O, and Nb50; 
value from being determined from the specific 
weight of the pentoxide concentrate, 

Tourmaline. In the tin-bearing pegma- 
tites the mineral has a green or bluish green 
colour. E colourless to very pale blue; O pale 
blue. 
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Sometimes alternating blue and green zones 
can be observed (fig. 19). 

Apatite. Most of the apatite shows a turbid 
greenish yellow to pale green colour. O > E 
pleochroism. O > 1.63, E </ 1.63. A two-axial 
apatite was observed with O/X 18° 2V = —40°, 
which might be Lewistonite or Dehrnite. 

Spodumene. The lithium bearing peg- 
matites carry considerable amounts of the miner- 
al. Crystals are usually relatively small but may 
reach dimensions of 6 x 4 inches. It has excellent 
cleavage and is normlaly greyish-white in colour, 
but a greyish-green silky lustre is also rather 
common. The greenish variety probably repre- 
sents hiddenite. Crystals flattened on [100] are 
found, showing a nice striation. 

Spodumene is often partly altered to a 


greenish sericitic mass. Eucryptite, as alteration 
product could not be identified with certainty 
(fig. 20a, b). 


Fig. 20a — Alteration of spodumene into a fibreous 
and sericitic aggregate (transmitted polarized ordin- 
ary light). The dark grey and medium grey areas 
near the center of the photograph may represent 
eucryptite. The light grey mottled area between the 
center and the left hand top corner of the photo- 
graph are some quartz grains. The cleavage lines of 
the spodumene are well noticeable. 


same arca as fig. 20a, but with 


Fig. 20b — The 
crossed nicols, 
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Amblygonite. This mineral is found in 
nearly all the pegmatites of the central part of 
Kamativi. In some of them it is very rare; it 
ccuts in greater quantity in the Lithium bear- 
ing pegmatites, associated with spodumene, but 
less abundantly than the Jlatter. 


Amblygonite occurs erraticall,, and the 
mineral is invariably associated with quartz. In 
some instances large lumps of amblygonite 
aggregate are found in milky white quartz 
blows. Some of the lumps measure 3x 2 x 2 feet. 


In the field the mineral is easily recognizable 
by its lined weathered surface, resembling an 
elephant skin due to its brownish-grey colour 
and the three cleavages. A fresh surface shows a 
pure white silky and greasy lustre. Small crystals 
are often completely surrounded by a glassy 
brown alteration product, which looks like rosin. 
This alteration changes into a greenish yellow 
micaceous mass. 


It has been proved that amblygonite is one 
of the youngest in the crystallization process. 


Through the microscope a great amount of the 
amblygonite appears to be montebrasite. 
2 V + 95°. Z about 1.63. Numerous mineral 
powders show that the amblygonite has a com- 
position varying between 30 to 90% 
Als03P50, 2 LiOH. 

Veins following the cleavage planes of the 
montebrasite contain a fibrous mineral with bire- 
frigence about 0.017 negative elongation, right 
extinction, small + 2 V. X-ray powder dia- 
grams point to crandallite. 


Lepidolite. This micaceous mineral 
seems to be rarely present. It is found in small 
purple blows in the lithium bearing pegmatites. 


Petalite has been observed in a few thin 
slides and can hardly be distinguished from 
other Li minerals. A pink mineral aggregate, 
rather common in Li bearing pegmatites, proved 
on X-ray determination, to consist for the great- 
er part of petalite. 


Zinnwaldite has been found in some 
thinslides only. 


Beryl. At Kamativi the mineral is not 
found in large crystals. It occurs in many thin- 
slides as tiny crystals. A few larger crystals, up 
to 8 mm, were observed: irregular cleavage; 
small negative 2 V;, O-E = 0.007. It is often 
corroded by albite, quartz and Li minerals. 


Some lithium bearing pegmatites may contain 
0.06 % BeO. 


Garnet. Euhedral, up to 2 mm, It remains 
euhedral next to coarse albite, but is corroded by 
quartz and alters into sericite. 


X. CONCLUSIONS 


The pegmatites occurring in the regionally 
metamorphosed area of Kamativi have been dis- 
cussed in terms of stratigraphical and regional 
distribution. Their mineral assemblage, structural 
attitude and textural features have been des- 
cribed. More petrological work will be necessary 
for a better understanding of the various ob- 
servations. Certain lines of evidence can be 
interpreted differentiy. In the writer’s opinion 
only a statistical approach to observations on 
pegmatites may lead the way through their com- 
plex nature. The quantitative importance of 
observations affording so-called 'conclusive 
evidence’ should be established since this is the 
only way to define a truly diagnostic value. 


Simple pegmatites, such as tourmaline peg- 
matites, which are contemporaneous with the 
regional metamorphism, are easily interpreted 
as just a phase of 'Granitization’’ (Ramberg 
1952 p. 248). The complex tin-pegmatites, how- 
ever, are younger. They contain, in addition to 
quartzofeldspathic minerals and micas, Sn, 
Ta-Nb, Li, and Be-minerals. 


It is the opinion of the writer hat the geo- 
chemical, structural and textural data so far found 
in the flatly dipping pegmatites fit much better 
into Fersman’s scheme of four successive stages 
of crystallization governed by falling temperat- 
ure than into any theory which denies the co- 
operation of a silicate melt. For instande, the 
occurrence of Li and Be with a small ionic radius 
and charge, which banned them from earlier 
stable crystalline phases, is nicely explained if 
we can assume that they became stored up in a 
residual liquid or gas phase until the physical 
conditions (in situ?) were favourable to the 
crystallization of their specific minerals. 


The combination of the various features found, 
e.g. a non-dilation character in general, replace- 
ment features almost exclusively on inclusions of 
host rock, together with the occurrence of static 
and rotated portions of schist in the lode etc., 
should rather be accounted for by a mobile em- 
placement of pegmatitic material, by means of a 
silicate melt. 


A lack of evidence on forcefulemplacement, i.e. 
no walls are found, which have been moved 
aside by the pegmatite, does not imply that no 
intrusion of pegmatitic material has taken place. 
It simply shows that the pressure of the peg- 
matitic solutions neyer clearly exceeded the 
pressure of the countryrock. 
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NIGADOO BASE METAL DEPOSIT, N.B., CANADA 
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ABSTRACT 


The results of geochemical, self-potential, resis- 
tivity and electromagnetic surveys are presented and 
discussed. The most accurate location of the sul- 
phide lode was made with the ”Turam’ electro-mag- 
netic survey. 
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I. INTRODUCTION 


The first indication of the Nigadoo deposit 
was found by a geochemical soil survey, after a 
find of sulphide drift had attracted the attention 
to the area. The geochemical soil survey was 
carried out by the Anthonian Mining Corpora- 
tion, the former owners of the deposit. This 
company performed several geophysical surveys 
as a check on the geochemical results and, after 
diamond drilling had proven the existence of a 
sulphide vein, some other surveys were made as 
a check on the geophysical methods employed. 
Finally, after the sulphide vein system was al- 
ready in the stage of underground development, 
a final "Turam’ electro-magnetic survey was made 
for Nigadoo Mines Limited, the present owners, 
in order to eliminate a large part of the pro- 
perty held under the mining laws of New Bruns- 
wick. 

The geology of the area is simple, see fig. 1. 
The deposit is in limy slate, greywacke and oc- 


1 Geologist N.V. Billiton Maatschappij Suriname, 
Surinam. 


casional fine-grained conglomerate of Silurian 
age, into which intruded small masses of gabbroic 
rocks and one irregularly shaped mass of quartz- 
feldspar porphyry. Some miles to the west of the 
deposit a supposedly Devonian granite mass oc- 
curs. The deposit occupies a fault system that is 
about normal to the schistosity of the slate. The 
porphyry mass is dissected by this fault with an 
apparent displacement of the eastern part to the 
north. The northern one-third of this mineralized 
fault zone is separated from the rest and moved 
relatively to the east over about 400 feet along 
an east-west zone of shearing which is approxi- 
mately 500 ft wide. 


The deposit consists of pyrite, marcasite, arseno- 
pyrite, sphalerite and lesser amounts of chal- 
copyrite and galena; below the 300 ft level pyr- 
rhotite occurs in addition. Carbonate gangue is 
mostly leached above approximately 200 ft of 
depth. 


The surface is rather flat with a ceder swamp 
occupying the lower portions. Map 1 (transpa- 
rent overlay) shows the approximate contours of 
the surface after the mining operations drained 
the swamp. The amount of overburden is mostly 
small, varying between 1 foot and 10 feet; farther 
east the amount of overburden increases, in places 
reaching a thickness of 400 feet. 


II. GEOCHEMICAL SURVEY 


Soil samples were taken on a 100 ft grid over 
an area that had been outlined as favourable by 
a reconnaissance survey on a 200 ft grid. The 
combined content in copper, lead and zinc was 
determined by titration with dithizone and re- 
corded in millilitre dithizone solution needed for 
titration. On map 2 the location of samples are 
contoured with the isopleths of 10, 25, 50, 100, 
150, 200 and 250 units. 


Five areas occur with strongly anomalous con- 
tent in base metals, which are numbered on map 
2 for easy reference. The main anomaly, marked 
II, occurs on a slope (20 ft drop over 300 ft) 
approximately 400 ft east and down slope from 
the lode. A diamond drill hole was bored under 
the centre of this anomaly and found at 160 ft 
depth, vertically below the centre of the ano- 
maly, a fault gouge of two feet width. The hole 
was in porphyry for its full length; many frac- 
tures were filled with sulphides but no ore shoot 
was found. 

Anomalous areas II and IV are both vertically 
above the lode, and both are in local hollows, 
which probably is of more genetic importance 
than their position on top of the lode. Anomaly 
I is in a valley, about 300 ft down slope of the 
lode. The anomalous areas marked V are in a 
flat part of the property. 

Long diamond drill holes have indicated that 
the surroundings of the lode are laced with 
narrow sulphide veins (mostly sphalerite, pyrite 
and galena) and sulphide filled fractures. This is 
in particular true for the porphyry mass and 
for the slates in the disturbed zone or shear zone 
that separates the northern part of the lode from 
the main body. Therefore it is no wonder that 
anomalous areas occur away from the sulphide 


x ES 
IN ER x 


INDEX MAP 


IOO MILES 


" 
INEWCASTLE 


l 
; ) 
USA. © N.B. 


493 

lode itself, however, over large parts of the lode 
(this includes places where the overburden is 
between three and five feet thick) no geochem- 
ical indication was found at all. 
Summarizing it appears that the geochemical soil 
sampling survey was able to indicate an area with 
anomalous high content in base metals. The in- 
dividual anomalous highs, however, are governed 
by topography rather than by primary occurren- 
ces of the base metals sought. 


Il. SELF-POTENTIAL SURVEY 


The method can be considered sufficiently 
well-known to omit a description here. The 
survey followed east-west lines 200 ft apart and 
readings were taken every 100 ft. The values on 
this grid were subsequently contoured at 50 
millivolt interval — see map. 3. The southern 
600 feet of the map area was surveyed at some 
later date, hence the accumulation of east-west 
contours indicate a change in operating condi- 
tions rather than a change in geological condi- 
tions. Again, the anomalous low areas are num- 
bered for easy reference. 

The main anomalous area, numbered II, is 
exactly on top of the lode, and the long 'tail’ 
formed by the -200 mv contour follows the strike 
of the lode. Diamond drill hole no. 1 was drilled 
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Fig. 1 — Geology of area NW of Bathurst, N.B. 


1 — Upper Ordovician, 2 — 


Lower Silurian, 3 — Upper Silurian, 4 — Devonian (?) basic and interme- 


diate ingneous rocks, 5 — Devonian biotite granite, 6 — Carboniferous, 7 — Drift-covered area, 8 — Fault. 


494 


Map 2 — Geochemical soil survey. 


Map 3 — Self-potential survey. 
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Map 4 — Resistivity survey. 
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Map 5 — ”Turam’ electro-magnetic survey. 
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below the centre of this anomalous area and 
found 2.1 ft (true width) of massive sulphide at 
255 ft depth. With this start the lode was ex- 
plored along the strike by shallow diamond 
drilling at 100 ft interval from the disturbed 
zone in the north to the southern end. 

Anomalous area ls is above the northern ex- 
tension of the lode, whereas below anomaly Id 
diamond drill hole no. 15 found 1.5 ft (measured 
along core) massive sulphide at a vertical depth 
of 165 ft. The anomalous low area marked II 
does not coincide with other features; no hole 
was bored here. 

Summarizing, the self-potential survey gave 
an excellent indication and guidance for diamond 
drilling. The location of the sulphide lode, its 
strike and its offset to the east by the northern 
disturbed zone are all indicated. Self-potential 
methods are much dependent on the degree of 
oxidation and on the local water table. The fact 
that the lode rises to within a few feet from sur- 
face, and the situation of the lode in a low (but 
far from the lowest) place were favourable for 
oxidation and the formation of a galvanic elec- 
trical element. 


IV. RESISTIVIIY SURVEY 


The name resistivity method is somewhat con- 
fusing to designate the procedure, which is 
actually very closely related to the old equipo- 
tential method. The resistivity survey measures 
the voltage differences between two stations on 
traverses perpendicular to a line of current points, 
and compares these to theoretically predicted 
voltage differences. From this comparison a value 
for the average resistivity is derived for the sec- 
tion across which the voltage was measured. 
Resistivity is expressed in Ohm/cm. This survey 
used the same grid of observation points as the 
self-potential survey; the results are contoured 
and presented in map 4. 

The distinct elongated low areas, marked I and 
U, coincide well with the known location of the 
sulphide zones, and no other distinct low resis- 
tivity areas are present. The map as a whole 
shows that generally speaking high values are 
found on the high ground and low values on the 
low and mostly water saturated ground. 

Summarizing, it can be stated that the resis- 
tivity survey supports very well the picture ob- 
tained with the self-potential survey. In the case 
of this deposit the combination of these two 
surveys would have given enough indication to 
warrant a diamond drilling program. 


V. ELECTROMAGNETIC SURVEYS 
The two electric methods discribed above are 


potential methods, i.e. methods which measure 
the current distribution of an electrical field, a 
natural field in the case of the selfpotential sur- 
vey and an artificial one in the resistivity survey. 

More widely used nowadays in mining pros- 
pecting are electromagnetic methods, whereby 
the magnetic fields of electrical currents are in- 
vestigated. The general procedure is to create 
these currents inductively, by transmitting a 
primary electromagnetic field from a wire loop 
or a long straight wire. This primary field will 
induce eddying currents in sub-surface con- 
ductors? and these in their turn create secon- 
dary electromagnetic fields. The resultant mag- 
netic field is investigated with receiving equip- 
ment, which may work on a variety of principles 
and measure different parameters. 


The vertical loop method 


With this method the primary electromagnetic 
field is transmitted by means of a vertical coil, 
which is oriented so that its plane passes through 
the position of the receiver. The receiver or 
measuring device consists of an induction coil 
and a pair of ear phones. The inclination of the 
electromagnetic field perpendicular to the axis 
through transmitter and receiver is determined 
by tilting the receiver coil until zero (or at least 
minimum) induced current is measured. The 
undisturbed electromagnetic field induces no 
current when the receiver is held horizontal (no 
tilt or dip ongle). In this receiver position cur- 
rent would have been induced by a disturbed 
field and, as a result, the receiver wil have to 
be tilted to obtain zero current. These 'dip angles’ 
indicate the position of sub-surface conductors. 
The generally used equipment allows a trans- 
mitter-receiver separation of maximum 1200 ft. 
On general principles the coupling angle between 
the primary field and the conductors should not 
exceed 45°. 

This method has been widely used in Canada 
and particularly in the New Brunswick mining 
boom. A serious disadvantage, which to many 
operators became only gradually apparent, is that 
the applicability of the method is limited to good 
conductors. Poor conductors cause phase shifts 
in the secondary field which render the deter- 
mination of the tilt angles dificult or impossible 
because no zero current can be obtained; instead 
a minimum current is obtained over a relatively 
wide range of tilt angles. Moreover, in practice 
the limits of transmitter-receiver separation and 
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And in surface conductors as well ‚e.g. telephone 
lines and wire fences, which can be of considerable 
nuisance during surveys in cultivated and settled 
areas. 


of coupling angles were usually exceeded in 
order to cover as much mileage as possible with 
the least possible effort. 

The vertical loop survey on the Nigadoo de- 
posit gave very poor results; without the knowle- 
dge already available it would have been impos- 
sible to locate the sulphide lode on the resulting 
map. 


Compensation methods 


It was considered desirable to conduct a final 
electromagnetic survey to evaluate the entire pro- 
perty and possibly eliminate part of the claims. 
For this purpose two methods came into consid- 
eration, both compensation methods, whereby 
the phase shift between primary and secondary 
fields is measured and compensated which allows 
accurate determination of the field strength. 


Horizontal loop method (Loop-Frame, Sling- 
ram, etc.) 

This method uses a horizontal transmitting and 
a horizontal receiving loop, kept at a constant 
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intensity of the anomalies was relatively weak. 
In view of the poor conductivity that could be 
expected from this type of mineralization, which 
contains much sphalerite, and its relatively small 
width, it was decided to use a more sensitive 
method. Moreover the normal depth range of 
horizontal loop methods is limited to 150—200 
ft for good conductors and would be considerably 
less for conductors of the type expected. 


Turam method 


In the "Turam’ method the primary field is 
transmitted by means of a very long (in this 
case 3 miles) insulated cable, grounded at both 
ends, to which an alternating current is fed by 
a motor generator. Field strength ratios and phase 
differences between adjacent stations on traverses 
perpendicular to the primary cable are measured, 
by means of two coils connected to a compen- 
sator. Conductors are characterized by abnormal 
field strength ratios and phase differences. The 
normal coil spacing is 100 ft, which is dimi- 
nished to 50 ft or less over amonalies. The fre- 
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Fig. 2 — ”Turam’ E.M. Profile and diamond drill section (for location see map 5). 


separation, usually 200 ft and both connected to 

‚a compensator. Observations are made at 100 ft 
stations, on traverses perpendicular to the general 
strike of the expected conductors. The param- 
eters measured are the in-phase and out-of-phase 
components of the resultant field, expressed in 
percent of the primary field. 


Test traverses on a few selected lines were 
measured with two different instruments, using 
frequencies of respectively 876 and 3600 c/s. 
Although both tests showed a distinct conductor 
over the shallow part of the sulphide lode, the 


quency used here was 660 c/s. The results are 
presented as phase shift and field strength ratio 
curves with the survey line as abcissa of the 
graph — see fig. 2 and map 5 (see also H. Hed- 
ström, 1938). 

For all important conductors depths and 'in- 
duction values’ were computed by R. A. Bos- 
schart, consulting geophycisist. The depth indi- 
cates the current axis, which is usually well be- 
low the shallowest occurrence of conductive ma- 
terial. The induction value is a convenient pa- 
rameter to indicate the conductivity-size charac- 
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teristics of the conductor. It can be expressed as 
yt(A=K —T ) in which r = tesistivity in Ohm/ 


cm, v = frequency, d = thickness, K — con- 
stant (Hedström, H. E. and Parasnis D.S. 1958). 
The formula shows that the better the conducti- 
vity, the smaller the induction value. 

From the results over the known lode it ap- 
pears that the conductivity of the ore is, as 
expected, rather poor. The induction values 
therefore could not be expected to be of much 
value to discriminate between sulphide minera- 
lization and other conductors (Bosschart, 1959). 

Map 5 shows the conductors found in the area 
covered by the other maps. The survey was per- 
formed while mining operations were in pro- 
gress, hence interference with power lines etc. 
was encountered in the shaft area and directly 
west thereof. The map shows that the known 
sulphide lode is indicated in its right place and 
over its full length, and the disturbed zone is 
indicated as well. It appears that a series of pa- 
rallel features occur, some with weak anomalies 
and some with very strong anomalies. The main 
indicated conductors are designated with capital 
letters, A and A’ being the lode under develop- 
ment. 

Interpreted conductor D occurs in the south- 
ward continuation of a drilled sulphide vein. 
Diamond drilling of the conductor found a 
fractured zone with much quartz and carbonate 
vertically below the E.M. indication, which is in 
agreement with the dtrilling results a little 
farther north, where the sulphide vein gradually 
changes into a fractured zone with carbonate and 
quartz, 

The northern part of indicated conductor B 
coincides with a fault gouge found in diamond 
drill hole 46 at 160 ft depth. Diamond drilling 
farther south (see figure 2, bore hole 152) found 
below this conductor a brecciated zone with tra- 
ces of sulphide and a nartow intersection of 
gabbro. 

Interpreted conductor C was tested in the same 
profile by diamond drilling, resulting in a 4 ft 
intersection of sulphides below the main con- 
ductor. The weaker parallel conductor probably 
is caused by a somewhat fractured and strongly 
leached zone in the porphyry. Comparison of 
these conductors B and C with the lode (i.e. con- 
ductor A) as intersected in this profile, gives an 
example of the lack of correlation between the 
strength and the economic importance of an 
anomaly. Diamond drill hole 39 intersected at 
130 ft depth 4 ft of sulphide assaying 3.9 %, Pb, 
35% Zn and 7.0 oz. Ag, hole 152 found no 
values at all and hole 153 found about 4 ft as- 
saying 0.4%, Pb and 0.5 % Zn. 


Conductor C was also tested by diamond dtill- 
ing on a profile just off map 5, where the inter- 
pretation found an induction value of 5.9 and a 
depth of 340 ft. The first bore hole, intersecting 
the area of the conductor at a depth of about 
310 ft, did not find any appreciable amounts of 
sulphide or other causes for a conductor. A se- 
cond hole, drilled from the opposite side, inter- 
sected, at 470 ft depth below the conductor, 2.2 
ft of massive sulphide assaying 0.2 % Cu, 1.5 % 
Pb, 10.4% Zn and 2.0 oz. Ag. 

The "Turam’ E.M. survey was acurate and sen- 
sitive, the latter to such an extent that several 
fractured zones were indicated containing car- 
bonate and quartz cement with only traces of 
sulphides. The survey was the first time the Tu- 
ram method was used in this area, reason why 
every major anomaly had to be tested as no 
experience could guide the evaluation of the 
E.M. indications. Discrimination between ano- 
malies caused by sulphide mineralization and 
those caused by other features is mostly possible 
on the basis of conductivity, as massive sulphides 
generally have better conductivity than other 
conductors. However, if the known sulphide min- 
eralization consist of much sphalerite, as in the 
case of the Nigadoo deposit, conductivity cannot 
be used anymore for discrimination between ano- 
malies. Then all anomalies must be tested by 
drilling or otherwise if they cannot be discarded 
on grounds of general geological knowledge of 
the area. 

Narrow layers of graphite schist constitute a 
major nuisance in other parts of New Bruns- 
wick, as their conductivity often attained values 
comparable with sulphide mineralization. On the 
Nigadoo property only one anomaly appeared to 
be caused by graphite schist, and that anomaly 
was suspect because of its great length. 

Except for the direct surrounding of the Ni- 
gadoo deposit, the "Turam’ survey did not find 
any anomalies of sufficient intensity to suggest 
sulphide mineralization, as all were considerably 
weaker than the anomalies tested by diamond 
drilling. Therefore, this large part of the pro- 
perty can be considered barren to a depth of 
about 500 ft. 

Summarizing, the "Turam’ survey eliminated a 
large part of the mining concession, based on its 
accuracy and sensitivity as tested in the sur- 
rounding of the known deposit. 


VI. CONCLUSION 


Due to drainage of the swamp by the mining 
operations, no real comparison is possible 
between the results of the "Turam’ electro-mag- 
netic survey and the other surveys described. 


The self-potential and resistivity surveys to- 
gether with the geochemical survey, gave infor- 
mation which led to drilling the first hole 
through sulphide. However, the maps 3 and 4 
show the low and water saturated ground to the 
east of the lode to produce potential, resistivity 
and chemical values similar to that over the 
lode. It seems that these water saturated areas 
blanket the underlying ground and its possible 
sulphide occurrences. 

Comparison of the “Turam’ survey with the 
other surveys shows, in particular in the northern 
part where no water drainage by the mine work- 
ings has disturbed the conditions, that the “Tu- 
ram’ survey is capable of producing much more 
detailed information than any of the other sur- 
veys. Hence, the "Turam’ survey can be used not 
only as a prospecting tool but as a geological tool 
as well. The sensitivity and capacity to detect 
conductors to a depthe of about 500 ft make 
the "Turam’ method a trustworthy tool for the 
elimination of ground. 
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DIE LATERITE DER SÜDÖSTLICHEN BOE (PORTUGIESISCH GUINEA) 


WALTER TH. FRATSCHNER ! 


ABSTRACT 

The laterites of south-eastern Bo& (Portuguese Gui- 
nea). 

In the south-enstern Bo& three areas of morpholo- 
gie structures are distinguished the lateritic mantle 
of which differs in respect of composition, texture 
and chemism. The laterites are supposed to be rem- 
nants of a tertiary (?) peneplain. T'he lateritic mantle 
has been destructed chemically and mechanically 
resulting in varying morphologic features. The pro- 
ducts of destruction have been resedimented in the 
'vorland’ thus forming a secondary ferrite crust. Pro- 
tected by the ferrite crust and favoured by recent 
climatologie conditions lateritisation continues on 
basaltic inlayers which yields an iron-rich clayey 
laterite, 

The chemical composition and the texture of the 
fossile laterites depend largely on the geological sub- 
stratum, provided climatic conditions are the same. 
On closely adjoining morphologie structures a more 
or less continuous process of lateritisation may mainly 
lead to a kaolin-rich material or result finally in a 
bauxito-ferritic cover, respectively. Factors and me- 
chanics governing the chemical decomposition of the 
lateritic mantle are not yet fully understood. 


ZUSAMMENFASSUNG 


In der südöstlichen Bod werden drei morpholo- 
gische Strukturzonen umerissen, deren lateritische Be- 
deckung in Aufbau, Gefüge und Chemismus deut- 
liche Unterschiede erkennen lässt. Diese Laterite wer- 
den als Relikte einer tertiären (?) ”peneplain” auf- 
gefasst. Der Lateritmantel ist einer formenreichen, 
chemischen und mechanischen Destruktion unterwor- 
fen, deren Abbauprodukte im Vorland als sekun- 
därer Ferritpanzer resedimentiert werden. Geschützt 
durch diesen Ferritpanzer bilden sich unter den heu- 
tigen klimatischen Bedingungen über Basalten tonige, 
eisenreiche Laterite. 

Chemismus und Gefüge der fossilen Laterite sind 
weitgehend abhängig vom geologischen Untergrund 
— gleiche klimatische Bedingungen vorausgesetzt. Auf 
engbenachbarten Strukturen kann die mehr oder weniger 
kontinuierliche chemische Umwandlung zu überwei- 
gend kaolin-reichem, beziehungsweise bauxito-ferri- 
tischem Material führen. Die steuernden Faktoren für 
diesen chemischen Umbau innerhalb des Lateritman- 
tels sind nur andeutungsweise bekannt, 


U N.V. Billiton Mij,, Den Haag, Louis Couperus- 
plein 19, 


I. EINLEITUNG 


Portugiesisch Guinea liegt zwischen 
der Region Casamance, dem Südteil von Senegal 
und der Region Bok&, dem Nordteil der Republik 
Guinea (Abb. 1). Die unterschiedlichen Typen 
der Laterite in der portugiesischen Provinz Gui- 
nea sind durch G. de Weisse (de Weisse, 1954) 
beschrieben worden. 


Die Untersuchungen konzentrieren sich aus- 
schliesslich auf die Laterite der süd-östlichen Bo& 
(Abb. 2). Der Verfasser hatte Gelegenheit, diese 
sehr abgelegene Region in den Trockenzeiten der 
Jahre 1956/57 bis 1958/59 näher kennen zu 
lernen *, Begehungen im Cogon-Becken und 
einige Studien südlich Conakry gaben die Mög- 
lichkeit, tiefer in die Probleme der Lateritbil- 
dung in diesen Teilen Westafrikas einzudringen, 
Hervorgehoben werden muss, dass die Ergebnisse 
der Untersuchungen keine allgemeinen Schlüsse 
auf die Lateritbildung erlauben. Der lateritische 
Mantel jeder einzelnen morphologischen Struk- 
tur unterscheidet sich vielmehr sehr deutlich. 
Viele Faktoren beeinflussen die Lateritisation, 
und selbst bei relativ uniformem geologischen 
Untergrund und gleichen klimatischen Bedingun- 
gen kann die Entwicklung in engbenachbarten 
Strukturen in sehr verschiedener Richtung ab- 
laufen. 


Die afrikanischen Laterite sind überwiegend von 
Geologen und Bodenkundlern bearbeitet worden, 
deren Forschung fast immer zweckgebunden war. 
Geologen prospektieren auf Bauxite oder lateri- 
tische Eisenerze; mithin nur auf Endprodukte der 
lateritischen Entwicklungsreihe. Die Boden- 
kundler spezialisieren sich auf die Verbesserung 
der Böden in den Randzonen der grossen Late- 
ritgebiete. Beide Gruppen stützen ihre Interpre- 
tation weitgehend auf chemische oder chemo- 
technische Analysen. Diese geben aber lediglich 
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Die Untersuchungen erfolgten im Auftrag der 
”Companhia Lusitana do Aluminio da Guine e An- 
gola” S.A.R.L., Lissabon. 
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Abb. 2 — Die geomorphlogischen Strukturen der südöstlichem Boe: 1-3, die Zone der "Grossen bow al 1 
4-6, die Zone der Plateau-artigen Strukturen, wobei die Nummer 4 die Lage des westlichen Subplateaus Ja- 
kob I”, der zentalen Depression mit dem Dorf Vendu L£di und des östlichen Subplateaus ” Jakob II” an- 
gibt. 7, die Hügelkette der ”Bantan Kili(n)”. 8, einige lateritisierte Doleritzüge (lateritic chains”). 9, Ero- 
sionsreste von ”bowal”-Strukturen (Relikt-bowals). , } I 
Zeichenerklärung: Strich mit gerissener Linie = Strasse von Nova Lamego nach Madina, strich-punktierte 
Linien = befahrbare Pisten Ep Gouvernements, gerissene Linie = Pistennetz der Expedition. 
Verkleinerter Ausschnitt der Karte 1: 500.000, nach Luftbildern vervollständigt. 
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eine „Momentaufnahme” eines Zustandes in 
einer fortschreitenden, sich ständig wandelnden 
Entwicklung der Laterite. Wir wissen sehr wenig 
über die Reaktionsfolge, die gegenseitige Stimu- 
lierung der zirkulierenden chemischen Lösungen, 
den Einfluss von akzessorischen Beimengungen 
im Mineralverband des Muttergesteines, die eine 
Art katalytischer Funktion haben können. Wir 
wissen einiges über den Einfluss des pH-Wer- 
tes während der Lateritbildung, wenig oder nichts 
über die mögliche Beteiligung von Bakterien. 
Rhytmische oder abrupte Schwankungen des 
Grundwasserspiegels haben zweifellos eine grosse 
Bedeutung. Die Auswirkungen von Permeabilität, 
Porosität, des elektrischen Potentials der tonigen 
Abbauprodukte des Muttergesteines — um nur 
einige Faktoren anzudeuten — auf den Ablauf 
der Lateritisation sind noch weitgehend unbe- 
kannt. 


Diese Bemerkungen mögen deutlich machen, 
dass unsere Kenntnisse über den chemisch-physi- 
kalischen Ablauf der Lateritbildung noch lücken- 
haft sind. Die geologische Bearbeitung einer eng- 
begrenzten Region muss notgedrungen ein ein- 
seitiges Bild ergeben. Die Ergebnisse können 
nicht ohne weiteres zur Interpretation räumlich 
getrennter Lateritgebiete herangezogen werden. 


II. DIE MORPHOLOGISCHEN STRUKTUREN 
UND IHR LATERITISCHER MANTEL 


Der geologische Untergund der südöstlichen 
Boe wird überwiegend von mässig verfalteten, 
schwach metamorphen, paläozoischen Schiefern, 
schieferigen Sandsteinen und Sandsteinen ge- 
bildet, in welche "Dolerite” 3 eingeschaltet sind. 
Letztere sind, soweit dies den undeutlichen Auf- 
schlüssen entnommen werden kann, überwiegend 
gang- oder stockförmig. Lavaergüsse über grosse 
Flächen sind bisher nicht einwandfrei erkannt 
worden. 


Über den langgestreckten Basaltzügen im V or- 
land nahe dem Rio Corubal sind den Versuch- 
schächten — im weiteren kurz als ”Pütts” be- 
zeichnet — und Aufschlüssen deutliche Hin- 
weise auf eine aktive Lateritisation zu entneh- 
men. Das Profil in Pütt Nr. 6, nahe dem Dorf 
Tavia, kann als repräsentativ für den Typ 
"Jateritic chains” (Nr.8in Abb.2) gelten: 


3 In der Guinea-Literatur wird allgemein von 


»Dolerit” gesprochen. Nach der Definition in ”Dic- 
tionary of Geological Terms’, C.M. Rice, Princeton, 
1955, wird ein grobkristalliner Basalt als Dolerit be- 
zeichnet. Die Gesteinstypen der südlichen Bo& sind 
feinkristallin bis dicht, also "Basalt”. Da Kontakte 
nur sehr mangelhaft aufgeschlossen sind, können Ba- 
salt und Gabbro nicht mit Sicherheit getrennt werden. 


harter, konkretionärer, zelliger 
Ferrit, teils resedimentiert, 


Fe-Konkretionen in einer dun- 
kelroten, tonigen, dicht bis po- 
rösen Grundmasse, lateritisierte 
Einschlüsse mit Basalttextur, 
schalenförmig, dunkelgraurot, 
zellig bis porös, 

tonige, teils dichte, dunkelrote 
Grundmasse mit einzelnen Fe- 
Konkretionen und zahlreiche 
zersetzte Basaltrelikte, 


o.o m bis 0.35 m 


1.25 m 


3.65 m 


5.10 m hellrote, tonige Grundmasse mit 
Basaltblöcken und schaligen Ba- 
saltstücken mit gebleichten Hö- 
fen (konserviertes Kristallgefüge 
auch ausserhalb der Höfe!), 


geringer Wasserzutritt! 


Basaltschutt, meist mit deutlich 
sichtbarem Kristallgefüge, stark 
zersetzt und teilweise gebleicht; 
zwischen den einzelnen, schaligen 
oder kugeligen Trümmern rote 
bis weisslichrote, tonige Grund- 
masse, nach der Teufe in unzer- 


6.35 m 


setzten, dichten, dunkelgrauen 
bis dunkelgraugrünen Basalt 
übergehend. 


An den Flanken der schmalen Hügelzüge 
greift die mechanische Erosion kräftig an. Die 
Fussflächen sind mit einem dicken Ferritpanzer 
eingedeckt, der aus verkitteten Fe-Konkretionen 
und Ferritblöcken besteht. Die Korngrösse 
nimmt in Richtung auf das Vorland schnell ab. 
Allgemein ist dieses Agglomerat durch Fe-Lösun- 
gen unter Einschluss von groben Quarzkörnern 
zementiert. Doch kann die Oberflächenschicht 
aus lose gepackten Fe-Konkretionen von 0.5 cm 
bis 2,0 cm Durchmesser bestehen, welche lokal 
durch Termitenlehm gebunden sind. 


Rund 80 % der Oberfläche der Bo& ist mit 
einem dicken, resedimentierten Ferritpanzer be- 
deckt, der an manchen Stellen bis zu 25 m Tiefe 
in Wasserrissen freigespült ist. Es liess sich nicht 
mit Sicherheit feststellen, ob unter dieser schüt- 
zenden, harten Deckschicht durchweg Laterit ge- 
bildet wird. Der Ferritpanzer ist nur an wenigen 
Stellen aufgerissen. Lokal sind tonige Sande auf- 
gespült. 

Natürliche Aufschlüsse des geologischen Unter- 
grundes sind unter solchen Verhältnissen sehr 
selten. An den Steilhängen der morphologischen 
Strukturen und in den tief eingeschnittenen Tä- 
lern ist das Muttergestein in sehr begrenzten, 
meist verrollten oder mit dünnen Fe-Krusten 
überzogenen Aufschlüssen freigelegt. 

Die südöstliche Bo& liegt auf dem nach W bis 
WNW abtauchenden, nur noch schwach sicht- 
baren Ausläufern der Fouta Djalon (französische 
Schreibweise), welche das beherrschende Berg- 
massiv in der benachbarten Republik Guinea 


bilden (de Chetelat, 1938, La Croix, 1914, de 
Weisse, 1954). Die ursprüngliche, tertiäre (?) 
"peneplain” ist durch jüngere Erosion stark zer- 
schnitten. Das heutige Bild ist das einer nach 
SSE leicht ansteigenden Savanne, der einzelne 
Hügel oder Hügelzüge aufgesetzt sind (Profil 
in Abb. 3). Diese Hügel sind charakterisiert 
durch steile Böschungen und ebene bis uhrglas- 
förmig gewölbte Oberflächen. Die Steilhänge 
sind dicht bewachsen, die Oberflächen tiefgrei- 
fend lateritisiert und nur dünn mit Elefanten- 
gras bestanden; also fast vegetationslos. Die ta- 
felberg-ähnlichen morphologischen Strukturen 
werden als "bowal” bezeichnet, ein Wort in 
Futa Fula, dessen Plural ”boe&” oder "boke” 
die jeweilige Region bezeichnet #. 

Die Lage der unterschiedenen morphologi- 
schen Strukturen ist aus Abb. 2 ersichtlich. Öst- 
lich des Flusses Mael Bani erheben sich die Ban- 
tan Kili(n) bis zu & 180 m über Meeresspiegel 
(Nr. 7 in Abb. 2 und Profil, Abb. 3). Die fast 
ebenen Oberflächen dieser Hügel sind tiefgrei- 
fend lateritisiert und werden von einem dicken 
Ferritpanzer eingedeckt. Verkittet mit diesem 
Ferritpanzer fanden wir an einigen Stellen rese- 
dimentierte Bauxietgerölle. 

Die Fussflächen und das weitere Vorland der 
Bantan Kili(n) zeigen denselben ferritischen, 
resedimentierten Panzer, der schon in der Um- 
gebung der lateritisierten Basaltzüge angetroffen 
wurde. Einige Analysen ® geben Einblick in den 
heterogenen Aufbau dieses Abschnittes der Boe. 

Die drei aufgeführten Flachbohrungen liegen 

4 Eine eingehende, hauptsächlich die Bantan Kili(n) 
betreffende Beschreibung der ”"bowals” findet sich 
bei G. de Weisse, 1954, S. 175-177. 

5 Sämtliche spektrographischen und chemischen 


(nasse) Analysen durch die Laboratorien der H.M.B./ 
Arnhem. 
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westlich des Maei Bani. Sie wurden in der sehr 
harten, oberflächennahen Ferritdecke gestossen. 

Die gut abgerollten Bauxitknollen, teilweise 
mit pisolithischer Textur im Inneren und rese- 
dimentiert auf dem Ferrit der Bantan Kili(n), 
lassen erkennen, dass der rotbraune Lateritmantel 
selbst mehrfach chemisch und mechanisch um- 
gelagert sein muss. Wir vermuten, dass diese 
morphologische Struktur nicht als Rest der ter- 
tiären (?) "peneplain” anzusehen ist. 

Die vegetationslosen Oberflächen der Bantan 
Kili(n) liegen zwischen + 160 m und + 180 m 
über dem Meeresspiegel. 

Weiter nach E, beiderseits des Rio Lembi, er- 
streckt sich ein gewelltes Hügelland, das fast 
vollständig mit Ferrit eingedeckt ist. Eine üppige 
Vegetation beschränkt sich auf die Uferzonen 
der Wasserläufe. An einigen Stellen, wo der se- 
kundäre lateritische Mantel von aufgespülten 
tonig-sandigen Böden bedeckt ist oder temporäre 
Quellen an den Hügelflanken austreten, bilden 
sich mit Busch- und Baumgruppen bestandene 
Sumpfzonen. Die Savanne ist sehr eintönig und 
ähnelt einer Halbwüste. 


Nahe der Grenze zur Republik Guinea heben 
sich breit ausladende oder langgestreckte Hügel 
ab (Nr. 1 bis 3 in Abb. 2 und Profil in Abb. 3). 
Diese bowal-ähnlichen Strukturen haben eine 
wesentlich grössere Oberfläche als die Bantan 
Kili(n) und steigen auf #200m bis + 220m 
über Meeresspiegel an. Wir haben uns ange- 
wöhnt, von den morphologischen Strukturen 
"Adam’ (1), ’Eva’ (2) und ’Kain’ (3) — zusam- 
mengefasst in der Zone "Grosse bowals’ — 
zu sprechen, da die lokalen Bezeichnungen viel- 
deutig oder unverständlich sind und eine amtliche 
topographische Karte der Region Bo& noch nicht 
vorliegt. 


Glüh- 
Fundpunkt Probenart verlust AlsO3 Si02 Ti02 Fe203 % 
Pütt Nr. 6, bei Tavia Durchschnitt von 13.0 28.5 36.8 2.7 18.8 
1.05m4 152m 
über Basalt 
Bantan Kili(n)-Mitte, Schlitzprobe von 
Pütt Nr. 1 3.0 m bis 3.5 m 16.5 28.1 3.8 1.4 50.0 
4.0 m bis 4.5 m 213 39.1 28 12 35.4 
Flachbohr. Nr. 263 Bohrstaub von Cr203 
Bogen Rio Corubal 0.0 m bis 0.4 m 10.9 24.6 20.0 0.89 43.8 
0.8 m Sl 24.0 28.6 1A 40.3 
1.4 m 16.3 1941 21.8 1.75 41.0 
Flachbohr. Nr. 278 Bohrstaub von 
bei Bilonco 0.0 m bis 0.4 m 13.6 19:5 20.0 0.96 46.1 
0.8 m 16.8 20.7 18.5 0.94 43.1 
1.4 m 15.3 15.8 14.5 0.93 53.4 
Flachbohr. Nr. 280 Bohrstaub von 
bei Madina 0.0 m bis 0.4 m 11.0 23.5 21.0 0.078 44.5 
0.8 m 127 25.1 DEN 0.092 395 
1.4 m 14.9 24.0 26.2 0.072 34.8 
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Die Plateauflächen sind mit einem dicken, 
zellig-porösen, oft pisolithischen Lateritmantel 
bedeckt. Weisslichrosa bis rötlichbraune Farb- 
töne überwiegen gegenüber den dunkelrotbrau- 
nen Farben des sekundären Ferrits. Einige Ana- 
lysen von Bohrproben und Handstücken geben 
Einblick in den Chemismus dieser Zone: 
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Fe-reiche Ausschnitte der bowal-Oberflächen 
führen wir dementsprechend auf unterlagernde 
Basalte zurück. Das ferro-bauxitische Material ist 
im frischen Anschnitt ziemlich gleichförmig zu- 
sammengesetzt. Sedimentrelikt-Textur ist — wie 
Untersuchungen an polierten Anschliffen gezeigt 
haben — sehr selten (vergl. hierzu auch Tafel 1). 


Fundpunkt Probenart 
Struktur ” Adam” Durchschnitt berechnet aus 
Bohr. Nr. 15 22 Proben 

auf 11.0 m Teufe 
Handstück Nr. 86 Klaubprobe 
Handstück Nr. 91 Hackprobe 
Struktur ”Eva” Durchschnitt berechnet aus 
Bohr. Nr. 11 20 Proben 

auf 10.0 m Teufe 
Handstück Nr. 103 Klaubprobe 
Struktur ”Kain” Durchschnitt berechnet aus 
Bohr. Nr. 26 17 Proben 


auf 8.5 m Teufe 


Handstück Nr. 119 Hackprobe 


Glüh- 

verlust AlsO3 Si02 Ti0o2 _Fe203 % 
22.03 42.0 1:2 2.06 32.2 
25.0 66.5 235 3 4.1 
29.3 63.2 0.5 2.0 29 
24.6 51.02 1977 3:18 19.5 
23.2 46.7 0.9 1.9 26,7. 
DORT, 42.7 3.3 2.14 28.4 
28.6 56.0 Pal 2.5 10.8 


Das lateritische Material entspricht danach 
einem Ferro-Bauxit bis Bauxito-Ferrit®. Die 
Proben sind willkürlich herausgegriffen. Bemerkt 
werden muss, dass nach unseren Erfahrungen 
Klaubproben von der Oberfläche oder Hackpro- 
ben, aus dem harten, oberflächennahen Laterit 
geschlagen, nicht repräsentativ für das unterla- 
gernde Material sind. Offensichtlich ist der 
Fea0,-Gehalt dieser Proben durch die periodi- 
schen Regenfälle ausgelaugt worden. Auch kann 
die teilweise monohydratführende bauxitische 
Lage an der Oberfläche partiell verwitterungsbe- 
ständiger sein, als das umgebende ferritische Ma- 
terial. 

Die ”bowals” werden von dunkelgrauen bis 
dunkelgraublauen, schwach verfalteten, semi-me- 
tamorphen Schiefern unterlagert. An den Steil- 
hängen kommt an einigen Stellen Basaltzu Tage. 


6 Definitionen: ”Bauxit” ist ein Tonerde-Laterit, 
der überwiegend aus hydratisierten Al-Oxyden be- 
steht, wobei der Anteil an aufschliessbarer AlsO3 
(Bayer-Prozess) mindestens dreimal so gross ist, als 
der Anteil aller anderen Komponenten. ”Ferro- 
Bauxit”: AloOz3-haltiger Laterit, zu einem belang- 
reichen Teil bestehend aus Fe, Si, Ti-Oxyden, wobei 
der Anteil an ' aufschliessbarer AlaO3 weniger als 
dreimal, mindestens jedoch zweimal so gross ist, als 
der aller anderen Komponenten. „Bauxito-Ferrit”: 
Fe20;-haltiger Laterit, überweigend aus Fe, Si, Ti- 
Oxyden bestehend, wobei der theoretische Anteil an 
aufschliessbarer A1203 mindestens ein Drittel des An- 
teiles aller anderen Komponenten erreicht. ”Ferrit”, 
Fe203-reicher Laterit, wobei der theoretische Anteil 
an aufschliessbarer AlaO3 geringer als sein Drittel aller 
anderen Komponenten ist, [Vergl. hierzu: M. C. Ma- 
lamphy a.o., 1948. Die Terminologie ist auf die Be- 
dürfnisse der Wirtschaft ausgerichtet, 


Innerhalb des Lateritmantels ist eine Trennung 
der Al- und Fe-Oxyde und Hydrate nicht nach- 
weisbar. Alle Bohrungen belegen ein in Grenzen 
schwankendes Gemenge dieser Komponenten. 
Si0, ist dagegen nur noch sehr gering vertreten. 
Auffällig ist, dass selbst Quarzgänge, die in der 
Zersetzungszone (lithomarge) noch nicht ange- 
griffen sind, nicht in die tonig-konkretionäre 
Übergangszone durchsetzen. Bei Beginn der La- 
teritisation müssen ausserordentlich günstige Be- 
dingungen für die Lösung und Abfuhr der Kie- 
selsäure geherrscht haben. Dies geht weiter aus 
dem Umstand hervor, dass die Bohrungen nur 
ganz untergeordnet auf Kaolin gestossen sind. 

Diskontinuierliche chemische Reaktionen in 
den oberflächennahen Teilen des Lateritmantels, 
besonders das ”In-Lösung-gehen” und ”Wieder- 
ausfällen” von Al- und Fe-Komponenten, hat 
nicht zu der Segregation geführt, welche für an- 
dere Lateritgebiete so typisch ist. Die Ursachen 
hierfür mögen in Klimaschwankungen und den 
damit verbundenen unterschiedlichen Grundwas- 
serständen zu suchen sein. Die geringe Porosi- 
tät des Lateritmantels mag hemmend auf die Zir- 
kulation von Lösungen gewirkt haben. 

Berücksichtigt man jedoch die fast völlige Ab- 
fuhr der Kieselsäure, die vermutliche Alterstel- 
lung des Laterites und den weit fortgeschrittenen 
chemischen und mechanischen Abbau, so ist nicht 
ausgeschlossen, dass der ursprünglich vermutlich 
„segregierte” Bauxit bis auf geringe Reste im ge- 
samten Untersuchungsgebiet erodiert wurde. 

Soweit der Laterit einen höheren — diffus ver- 
teilten — Tonerdeanteil führt und damit einem 
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Ferro-Bauxit entspricht, zeigt er ein zellig-porö- 
ses Gefüge, oft von schlierigen Hohlräumen 
durchzogen. Die Hohlräume und Kavernen kön- 
nen mit Ton und/oder Kaolin verfüllt sein. Der 
Ferro-Bauxit liegt ohne jede Bedeckung unmit- 
telbar zu Tage. Das derzeitige Stadium lässt nur 
geringe Spuren einer mechanischen Erosion auf 
den meist uhrglasförmig gewölbten Oberflächen 
erkennen, An den bowal-Rändern erfolgt ein 
kräftiger mechanischer Abbau, dessen Produkte 
in geringer Entfernung an den Fussflächen rese- 
dimentiert und verfestigt werden. Das schema- 
tische geomorphologische Profil der Abb. 3 zeigt 
weitere Einzelheiten dieser Zone. 

Auf den morphologischen Strukturen der Zone 
"Grosse bowals” fanden wir über grössere 
Erstreckung pisolithische und pseudoolithische Bil- 
dungen (Tafel 1). Pisolithische und pseudoolithi- 
sche Textur tritt fast immer dann auf, wenn die 
Hügeloberfläche zu einer kaum wahrnehmbaren 
Mulde oder wannenförmigen, schwachen Depres- 
sion eingesenkt ist. Diese Einsenkungen füllen 
sich in der Regenzeit mit stehendem Wasser. 
Vermutlich besteht hier ein genetischer Zusam- 
menhang. 

Östlich des Rio Fefine erhebt sich über der 
leicht ansteigenden Savanne eine ausgedehnte Pla- 
teauzone, deren morphologische Formen nicht 
mit denen der Zone "Grosse bowals” vergleichbar 
sind. Die Plateauzone wird durch einige Fluss- 
läufe und Depressionen in mehrere Subplateaus 
untergliedert. Die Oberflächen der einzelnen 
Strukturen werden von einem hellroten bis rosa 
farbigen, schichtig-lagig struierten, harten bauxi- 
tischen Laterit eingenommen. Lokal ist dieser La- 
teritmantel von 0.5 m bis 1.0 m mächtigen san- 


Fundpunkt Probenart 
Struktur ”Isaak” Durchschnitt berechnet aus 
Bohr. Nr. 43 20 Proben 

auf 10.0 m Teufe 
Handstück Nr. 295 Klaubprobe 


Struktur ” Jacob II” 
Bohr. Nr. 47 


Handstück Nr. 296 


Struktur ”Jacob I” 
Bohr. Nr. 37 


Handstück Nr. 297 


Struktur ‚„Rebecca” 
Bohr. Nr. 54 

(Abb. 2, Nr. 5) 
Handstück Nr. 299 
Struktur „Rachel” 
Bohr. Nr. 60 

(Abb. 2, Nr. 6) 


Handstück Nr. 291 


Durchschnitt berechnet aus 
17 Proben 

auf 8.5 m Teufe 
Klaubprobe 

Durchschnitt berechnet aus 
20 Proben 

auf 10.0 m Teufe 
Klaubprobe 

Durchschnitt berechnet aus 
20 Proben 

auf 10.0 m Teufe 


Klaubprobe 


Durchschnitt berechnet aus 


15 Proben 
auf 7.5 m Teufe 


Klaubprobe 


digen und/oder tonigen Böden eingedeckt und 
dann mit Buschwerk und einzelnen Baumgrup- 
pen bestanden. Eine solche Vegetationszone ist 
die erkennbare Trennung zwischen den Subpla- 
teaus "Jacob II” und ”Isaak”. Ähnliches gilt für 
die sonst vegetationslosen Oberflächen der Struk- 
turen ”Rebecca” und ”Rachel” (Nr. 5 und 6 in 
Abb. 2). 

Der Untergrund besteht aus grauen bis grau- 
grünlichen, teils blaugrauen, antonigen, schwach 
metamorphen Schiefern und schieferigen Sand- 
steinen mit eingeschalteten Sandsteinbänken. 
Nahe dem Ostrand der Plateauzone — also un- 
gefähr parallel der Staatsgrenze — steht vermut- 
lich im Untergrunde Basalt an. 

Makroskopisch und mikroskopisch unterschei- 
det sich der schichtig-lagig struierte Laterit deut- 
lich von dem weitgehend einförmig aufgebauten 
Material der westlich gelegenen morphologischen 
Strukturen. Das Sedimentgefüge des Mutterge- 
steines ist im Laterit gut sichtbar konserviert. Die 
Fotos der Tafel 1 geben Beispiele für diese Tex- 
tur. Pisolithische Bildungen treten zurück, po- 
röse, zellige und kavernöse Materialanordung 
überweigt. Eine weitere Besonderheit ist in der 
Ausbildung der Übergangszone zwischen dem 
harten oberflächennahen Laterit und der kaver- 
nös-konkretionären, sehr lockeren Zersetzungs- 
zone zu sehen. Die Übergangszone ist höhlen- 
reich und stark kaolinitisch. Die Analysen weisen 
allgemein einen etwas höheren Si0,-Gehalt aus. 

Diese Analysenzusammenstellung zeigt noch 
einmal die zum Teil erheblichen Differenzen 
zwischen den Als03-Gehalten der Bohrproben 
und denjenigen der Klaubproben. Die locker 
über die Oberflächen verstreuten Bauxitblöcke 


Glüh- 

verlust AlsO3 Si02 Tioa Fe203 % 
24.8 49.0 3.9 1.7 20.3 
27.8 51.6 4.0 153 15.4 
23.4 46.0 4.4 2.01 232 
26.1 54.6 3.1 1:5 14.2 
19.0 34.8 10.73 1.4 34.8 
26.6 50.2 3.6 2.0 IZ.1l 
16.1 31.68 12:23 1452 32.57 
29% 58.9 2.6 2.1 6.9 
23.66 42.79 4.74 1.48 26.86 
27.6 43.9 3.9 1.8 19.5 


Tafel 1. 


Handstück Nr. 685, Struktur »Rachel”. . Händstück Nr. 687, SZEDRE PEVAZ 
Schichtig-lagiges Gefüge (Sediment-Relikttextur). Dichtes bis poröses Gefüge. 


Br gstück. Ni .690. B- Struktur ?Eya? Handstück Nr. 691, Struktur ”Rebecca”. v 
2 j x Übergang von Sedimenttextur zu schlierig-zelligem 
Gefüge. 


iu 


Mikropisolithisches und pseudoolithisches Gefüge, 
rechts oben ein Fossilanschnitt. 
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lassen keine Schlüsse auf das unterlagernde late- 
ritische Material zu. Der Gedanke, dass diese 
Bauxitblöcke als Reste einer älteren, gut segre- 
gierten Bauxitlage aufzufassen sind, lässt sich 
nicht widerlegen. 


II. DER CHEMISCH-MECHANISCHE ABBAU 
DES FOSSILEN LATERITMANTELS 


Bohrungen haben zahlreiche Höhlen und Ka- 
vernen angefahren, welche untereinander in Ver- 
bindung stehen. Während der Regenzeiten zir- 
kulieren die Oberflächenwässer und spülen tonige 
und kaolinitische Komponenten aus dem zelligen 
oberflächennahen Laterit. Kaolin und Ton wer- 
den in der Trockenzeit teilweise am Boden des 
unterirdischen Drainagesystems abgelagert. Ne- 
ben dieser mechanischen ”Ausschlämmung” ist 
der chemische Abbau für die Destruktion des La- 
teritmantels von grösster Bedeutung. Es entstehen 
Erosionsformen, die denen des Karstes zu ver- 
gleichen sind. 

Die eigenartigste morphologische Struktur des 
untersuchten Gebietes istdie Depression von 
Vendu L£@di (Nr. 4 in Abb. 2 und Abb. 3 sowie 
Abb. 4; mit Subplateau "Isaak” und ”Jacob II” 
im E, der zentralen Depression mit dem Dorf 
Vendu Ledi und dem Subplateau "Jacob I” im 
W). Das Studium der Luftbilder — ohne Kennt- 
nis des Geländes — erweckt den Eindruck einer 
"Caldera”, umgeben von einer mässig gewell- 
ten Hochfläche. Tatsächlich bricht die Plateau- 
zone in einer rund 15 m hohen Steilkante 
in groben Trümmern und Blöcken aus late- 
ritischem Material zu der ebenen, fast kreis- 
tunden Sohle der Depression ab. Der Einbruchs- 
schutt ist grösstenteils sekundär verkittet. Die 
starke chemische Ablaugung wird an den zellig- 
schlierigen Hohlräumen in den einzelnen Blöcken 
deutlich, die am Rande der Sohle aus den aufge- 
spülten, residuären und eingewehten (?) Böden 
hervorragen. Bohrungen im zentralen Teil der 
Depression haben keinerlei lateritisches Material 


ZI 


Ze NE: Z N: ii 


in der Füllung über dem zersetzten Muttergestein 
mehr angetroffen. Die Kesselfüllung besteht aus 
toniger Schwarzerde — oberflächlich verunrei- 
nigt durch kleine Fe-Gerölle und Konkretionen —, 
darunter folgen tonige Sande mit unvollständig 
zersetzten Sedimenttrümmern. Diese, zwischen 
8.0 m und 12.0 m unter Flur liegende Schicht 
bildet das Wasserreservoir des Dorfes Vendu 
Ledi. Darunter folgt die Zersetzungszone über 
den teilweise gebleichten Schiefern und schiefe- 
rigen, antonigen Sandsteinen. Diese Zersetzungs- 
zone zeigt nicht die geringste Spur einer rezenten 
Lateritisation. 

Während der Regenzeit bildet sich im Zen- 
trum der Drepression ein kleiner See. Ein obetrir- 
discher Abfluss besteht nicht. Die Entwässerung 
erfolgt nach N unter einer sekundär verkitteten 
Decklage aus Laterittrümmern. Der Nordrand 
der Depression ist an einigen Stellen eingebro- 
chen, jedoch nicht bis auf die Sohle ausgeräumt 
worden. 

Bohrungen an den Plateaurändern haben zahl- 
reiche Höhlensysteme angefahren. Diese wurden 
nicht nur in der harten, ferro-bauxitischen Deck- 
lage angetroffen, sondern reichen auch tief in die 
tonig-kaolinitische, konkretionäre Zersetzungs- 
zone hinein. An einigen Stellen ist der Laterit- 
mantel der Plateauflächen zu flachen, wannen- 
förmigen Vertiefungen von 20 bis 50 m Durch- 
messer eingebrochen. Die Wannen sind meistens 
mit lateritischem Material der Umgebung ver- 
füllt; darunter liegt grober, kantiger Einbruchs- 
schutt. 

Der Einbruchskessel der Depression von Ven- 
du Ledi mit seinen begleitenden "Zwergdolinen” 
ist nur ein — freilich sehr instruktives — Bei- 
spiel für den Formenreichtum des chemisch-me- 
chanischen Abbaues im fossilen Lateritmantel. 
Der Normalfall dürfte der Einbruch über Höh- 
lensystemen an den Rändern der morphologi- 
schen Strukturen sein. Diese Einbrüche werden 
im Laufe der Zeit zu flachen, trichterförmigen 
Absenkungen ausgeweitet. Dabei breitet sich der 


Abb. 4 — Schematisierter Schnitt durch die Depression von Vendu Ledi (Zeichenerklärung: siehe Abb. 3) 
a. schichtig-lagiger, bauxitischer Laterit mit viel Sedimentrelikten; b. kavernöse, konkretionäre, tonige, Si02- 
reiche Übergangszone mit zahlreichen, teils kaolin-gefüllten Höhlen, bzw. Höhlensystemen; c. Zersetzungs- 
zone, tonig bis kavernös, mit viel Sedimentrelikten (Grundwasserspiegel, stark flukturierend); d. Sediment- 
unterlager von bläulich-grauen, schwach metamorphen Schiefer mit Sandsteinbänken und - linsen; e. Fül- 
lung des Einbruches: Schwarzerde und tonig-konkretionäre Böden, teils mit zelligen Lateritblöcken, tonige 
Sande mit Sedimentrelikten in zersetzte Schiefer übergehend; f. Zentralzone der Depression, bildet einen 
temporären See während der Regenzeit, der Abfluss erfolgt unterirdisch über Höhlensystemen unter der teils 
resedimentierten Fe-Kruste. g. Einbruchsbrekzie, unter ständiger Ablaugung, soweit diese in der Grund- 
wasserzone liegt. B, = Flachbohrungen, Pütt = Versuchsschächte, 
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obere, breit ausladende, flache Trichterrand stän- 


dig in Richtung auf das Zentrum der morpholo- 
gischen Struktur aus, während das schmale Trich- 
terrohr sich vertieft und zu einem schluchtarti- 


gen Drainagekanal ausgestaltet wird. Spätestens 


in diesem Stadium entsteht ein genügendes Ge- 
fälle und der mechanische Abbau überprägt die 
chemisch bedingte Anlage (Foto 1). 

In Versuchsschächten und Anschnitten wurden 
Dislokationen aufgeschlossen, welche den Laterit- 
mantel durchziehen. Ihre Bewegungstendenzen 
lassen sich dann ablesen, wenn im lLaterit ein 
Sedimentgefüge konserviert wurde. Die Gefüge- 
änderungen an den Dislokationsflächen unter- 
scheiden sich deutlich von denjenigen der Ein- 
brüche über Höhlen und Kavernen. Die Bewe- 
gungszonen folgen tektonischen Richtungen des 
geologischen Untergrundes. Sie beeinflussen bis 
zu einem gewissen Grade auch die Konfiguration 
der morphologischen Strukturen und die Unter- 
gliederung der Plateauzonen. 

Die zahlreichen Bohrungen und Versuchs- 
schächte haben ohne Zweifel belegt, dass die La- 
teritbildung im Gebiet der südöstlichen Boe zum 
Stillstand gekommen ist. Fossile Laterite bedek- 
ken auch die morphologischen Strukturreste 
nordwestlich der Zone "Grosse bowals”. Der 
Grundwasserspiegel wurde von keiner Bohrung 
auf den Plateaus erreicht. Er verläuft vermutlich 
im unzersetzten Muttergestein. Während der 
Regenzeiten könnte der Kapillarsaum bis in die 
Zersetzungszone — oder noch höher — an- 
steigen. 


IV. DIE GENETISCH-ZEITLICHE ABFOLGE 
DER LATERITE 


Der lateritische Mantel der Strukturen östlich 
des Rio Fefine ist autochthon. Die konservierte 
Sedimenttextur (Fotos der Tafel 1) belegt dies 
deutlich. Ein Analysenquerschnitt auf Spurenele- 
mente kann als weitere Stütze für diese Inter- 
pretation herangezogen werden. Die Verteilung 
der Spurenelemente bleibt von der Zersetzungs- 
zone über dem Muttergestein bis in den harten, 
oberflächennahen Laterit hinein ziemlich kon- 
stant. ‘Offensichtlich sind die Spurenelemente 
nicht an der ständigen chemischen Umlagerung 
beteiligt. 

Für die Zone "Grosse bowals” ist nicht 
klar ersichtlich, ob die Laterite im strengen Sinne 
des Wortes autochthon sind. Unserer Auffassung 
nach ist die chemische Umwandlung so weit 
fortgeschritten, dass der innere Aufbau des La- 
terites ohne Charakteristik ist und des Material 
uniform erscheint. Anzeichen für einen mecha- 
nischen Antransport fehlen; so wurden keine Ge- 
rölleinschaltungen festgestellt. Dem limonitischen 
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(Foto Ir. Ph. H. A. Zaalberg) 


Vordergrund: Der flache westliche Abhang der Struktur ”Eva” (mit der Expeditions- 


rand, welcher die Verbindung zwischen den Strukturen bereits stark erniedrigt hat. Mitte und rechts. Der 


Hintergrund: Der steilere Osthang der Struktur ” Adam”. 


Der breitausladende Trichter 


Foto 1. — Der Erosionstrichter zwischen den Strukturen ”Eva” und "Adam”. 


piste). Mittelgrund, links. 
tiefeingeschnittene Drainagekanal ("Trichterrohr”). 
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Gehalte in % des geglühten Materials 
B 


Struktur Material fe fer X 7r v 
”Jacob I” Kaolin mit 
Bohr. 38, Nr. 753 Gesteinsrelikten: 0.006 0.012 0.026 0.009 0.01 0.075 
11.5 m — 12.0 m 28.7 Al 35.3 Si 

1.4 Tı 21.8 Fe 

Glühverl. 11.8 
Bohr. 38, Nr. 742 Ferro-Bauxit: 0.004 0.004 0.035 0.010° 0.01 0.060 
2.0 m — 2.5 m 49.7 Al 1.8 Sı 

1.8 Tı 18.4 Fe 

Glühverl. 27.9 
Bohr. 37, Nr. 737 Kaolin: 0.004 0.005 0.038 0.011 0.01 0.070 
95 m — 10.0 m 2%2 AL 25.7 81 

1:7 Iı 33:0’Fe 

Glühverl. 11.0 
"Jacob II” Kaolin mit 2 
Bohr. 46, Nr. 903 Gesteinrelikten: 0.004 0.011 0.017 0.004? 0.01 0.040 
2.1010. m 27.9 Al 56.5 Si 

1.4 Ti 6.1 Fe 

Glühverl. 7.3 
Bohr. 46, Nr. 890 Bauxito-Ferrit: 0.008 0.010 0.057 0.017 0.01 0.12 
4.0 m — 45 m 38.4 Al 7.1 Si 

Dar mS2lake 

Glühverl. 20.3 
Vendu Ledi Zersetztes Mutter- 
Bohr. 66 gestein: 0.0035 0.015 0.016 0.005? 0.01 0.022 
Nr. 1283 Glühverl. 8.4 
10.0 m — 11.0 m 
” Adam” Bauxit: 0.008 0.008 0.056 0.004 0.06 0.053 
Nr. 86 66.5 Al 2.5 Si 
Handstück 1.9 Ti 4.1 Fe 

Glühverl. 25.0 
Eva” Ferro-Bauxit: 0.009 0.010 0.080 0.014 — 0.065 
Pütt Nr. 21 45.0 Al 3.3 Si 
Nr. 520 2.9 Tı 27.0 Fe 
0,5 Glühverl. 23.6 


Bindemittel der Oberfläche sind keine groben 
Quarzkörner zugemischt. Gerade der Einschluss 
von groben Quarzkörnern in den aus Fe-Oxyden 
und Hydraten bestehenden Zement ist typisch 
für den sekundären Ferritpanzer des Vorlandes, 
wie dies von G. de Weisse (de Weisse, 1954) 
betont worden ist. 

Die Bantan Kili(n) sind als Mischtyp zu 
bezeichnen. Geröllagen, an der Oberfläche resedi- 
mentiert und durch einen quarzkörnerführenden 
Zement verkittet, sind ein Beweis für die teil- 
weise allochthone Entstehung. Die Profile in den 
Versuchsschächten lassen erkennen, dass die tie- 
feren Teile des Lateritmantels dagegen unmitter- 
bar über dem Basalt und den dunklen Schiefern 
gebildet wurden. So setzen Quarzgänge aus den 
Schiefern in die tonig-konkretionäre Zersetzungs- 
zone durch. 

Jeder Versuch, eine genetisch-zeitliche Abfolge 
der Laterite für die südöstliche Bo& abzuleiten, 
stösst auf erhebliche Schwierigkeiten. Das Sche- 
ma der Abb. 3 berücksichtigt die hauptsäch- 
lichen morphologischen und geologischen Fak- 
toren. Es kann jedoch nicht verschwiegen wer- 
den, dass sich nicht alle Untersuchungsergebnisse 


ohne Zwang dem Schema einfügen lassen. Dies 
wird jedoch verständlich, wenn berücksichtigt 
wird, dass in diesem Gebiet Abbau der primären 
Laterite, Resedimentation der lateritischen Ab- 
bauprodukte, chemische Umwandlung der Rest- 
laterite und teilweise fortschreitende Lateritisa- 
tion ohne scharfe Grenzen sich gegenseitig 
überlagern. 

Das Stadium I der Abb. 3 kennzeichnet eine 
tertiäre (?) ”peneplain” unter sehr aktiver La- 
teritisation. Da schon zu diesem Zeitpunkt die 
Kieselsäure sehr weitgehend gelöst und abgeführt 
worden sein muss, müssen günstigere klimatische 
Bedingungen vorausgesetzt werden, als dies heute 
der Fall ist. Schwächezonen im geologischen Sub- 
stratum, zusammen mit einem leichten Gefälle 
— bedingt durch das Abtauchen der Fouta Dja- 
lon — werden dem entstehenden Drainagesystem 
bereits die Richtung vorgezeichnet haben. 

Das Stadium II lässt eine gewisse Reife er- 
kennen. Möglich, dass zu dieser Zeit eine bauxi- 
tische Lage in den Laterit eingeschaltet war. Die- 
se ist jedoch der chemischen Umwandlung und 
— mit Einsetzen von Bodenbewegungen — der 
beginnenden mechanischen Erosion erlegen. 


Das posttertiäre (?) Stadium III ist durch ver- 
stärkte Bodenunruhe gekennzeichnet. Diese kann 
durch isostatische Ausgleichbewegungen oder 
krypto-orogene Mobilität ausgelöst sein. Bohrun- 
gen und geophysikalische Aufnahmen der pros- 
pektierenden Ölgesellschaften in der weiteren 
Umgebung werden vermutlich Einblick in den 
Charakter und die Datierung dieser Bewegungen 
erlauben. Die Mobilität des Untergrundes führt 
zu einer Reaktivierung des Reliefs, welche lokal 
mit Reliefumkehr verbunden gewesen sein muss. 
Die resedimentierten Bauxitgerölle der Bantan 
Kili(n) stützen diese Interpretation. Diese Ge- 
rölle müssen von ESE -E liegenden Plateaus ab- 
geleitet werden; sie können nicht weit transpor- 
tiert sein, unter der Voraussetzung, dass dem re- 
zenten Klima entsprechende Bedingungen ge- 
herrscht haben. Die sekundäre Lagerstätte dieser 
Gerölle liegt im rezenten Stadium (IV) unge- 
fähr auf gleichem Niveau mit der Zone "Grosse 
bowals”. Die Zwischengebiete sind jedoch stark 
erniedrigt und führen nur eine sekundäre La- 
teritkappe. 

Die durch Bodenunruhe belebte Erosion hat 
zweifellos auch die Zone "Grosse bowals” er- 
fasst und stark abgebaut. Indikationen dafür er- 
geben sich aus der Lage und dem Zustand der 
bowal-Relikte, welche den grossen Strukturen 
vorgelagert sind, dem Fehlen einer bauxitischen 
Kappe und der weitgehenden Homogenität des 
lateritischen Materials. 

Wir haben auf keiner der untersuchten Struk- 
turen Reste oder nur Andeutungen eines ”ca- 
rapace de fer” im Sinne von E. de Chetelat, 1938, 
gefunden. Es ist durchaus möglich, dass ein sol- 
cher Fe-Panzer ursprünglich vorhanden gewe- 
sen ist, welcher eine ferro-bauxitische Lage ge- 
schützt haben mag. Andeutungen für letztere er- 
geben sich aus einigen Bohrungen auf den 
Strukturen östlich des Rio Fefine. Doch müsste 
der primäre ”carapace de fer” spätestens im Sta- 
dium III denudiert worden sein. Diese Annahme 
mag zulässig sein, wenn die Mächtigkeit und 
Ausdehnung des sekundären Ferritpanzers im 
Vorland berücksichtigt wird. Diese lässt sich al- 
leine aus der Mobilität der Fe-Lösungen und der 
rezenten Lateritbildung nicht ableiten. 
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Die Aktivierung des Reliefs muss schon früh- 
zeitig erhebliche Schwankungen des Grundwas- 
serspiegels mit sich gebracht haben. Solche 
Schwankungen müssen aber zu sehr unterschied- 
lichen Reaktionen im lateritischen Mantel füh- 
ren. Hinweise darauf ergeben sich aus den Fe- 
reichen Einlagerungen, die von allen Bohrungen 
auf der Struktur ”Kain” angefahren wurden. In 
den Hochzonen kommt die Lateritbildung 
schr frühzeitig zum Erliegen, oder wird stark un- 
terdrückt. Dabei wird sich das Muttergestein im 
steigenden Masse zu Kaolin umsetzen. Im Vor- 
land stabilisiert sich der Grundwasserspiegel re- 
lativ schnell. Die Folge davon ist die aktive La- 
teritisation unter dem schützenden Ferritpanzer, 
die — wie gezeigt wurde — noch nicht abge- 
schlossen ist. 
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THE ALTERATION OF PYROCHLORE TO FERSMITE IN THE 
MBEYA CARBONATITE 


A. H. VAN DER VEENI 


SUMMARY 


During several microscopic studies of pyrochlore 
containing samples, needle shaped segregations in 
pyrochlore crystals were often found. From roughly 
established optical constants, X-ray powder patterns 
and some chemical examinations it is concluded that 
the so-called ”"needles” are very probably fersmite 
crystals. It is supposed that in other pyrochlore deposits 
fersmite might also occur as alteration product. 


1. INTRODUCTION 


During ore-microscopic studies of concentrates 
and carbonatite rocks from the Mbeya carbonatite, 
typical lath to needle-shaped structures were often 
observed in pyrochlore crystals (fig. 1). These 
laths or needles, observed with reflected light, 
have the same color and reflectance as pyrochlore 
and are separated from the surrounding mass by 
many small pits or gangue material with a 
reflectance similar to that of dolomite. Because 
it was thought that these "structures” represent 
an alteration compound of pyrochlore, the 
material was studied in greater detail. 

I am indebted to Dr. H. D. Hess of the Petro- 
graphic Laboratory, Bureau of Mines, U.S. Depart- 
ment of the Interior, Albany, Oregon, for kindly 


supplying a fersmite sample from Ravalli County, 
Montana (U.S.A.) 


2. SOME PHYSICAL PROPERTIES OF THE 
"NEEDLES” 


It appeared difficult to almost impossible to 
measure the refractive indices by convential 
methods, because the ”laths” were fine to very 
fine (about 10—50 u long) and intimately inter- 
grown. In order anyhow to get a good impression 
of these indices another way was chosen. 


! Mineralogist N.V. Billiton Maatschappij, c.o. 


N.V. Hollandsche Metallurgische Bedrijven, Arnhem, 
The Netherlands. 


A small part of a concentrate, which was known 
to contain pyrochlore with ”needles”, was mixed 
with a finegrained sample of pandaite (Jäger, 
a.o. 1959). A polished section was made from the 
mixture and this was studied with vertical 
reflected polarized light. 

In this way the reflectances of pandaite and 
those of the "needles” were compared with each 
other. By estimation, the reflectance of the "laths” 
showed a range varying from about the same 
reflectance as that of pandaite to about 1% 
higher. A trace of reflection pleochroism was 
observed too. 

The reflectivity value of pandaite is 13.2 % 
(Jäger, a.o. 1959). Tbe graph of Schouten 
(Schouten, 1951) shows that this percentage 
corresponds with a refractive index of about 2.10. 
This is somewhat higher (about 0.015) than 
the refractive indices measurements (mainly 
2.08— 2.09) made on pandaite by Jäger a.o. 
kAGS9). 

On the same graph one can read that a re- 
flectance of about 142% (1% higher) corre- 
sponds with an index of about 2.17. From these 
estimations one can conclude that the lower 
refractive index is probably not far from 2.08— 
2.09 and the highest index near 2.15—2.16 or 
perhaps higher. 

With crossed nicols it was seen that the strong 
internal reflection has a light yellow color. How- 
ever, colors varying from honey-yellow via orange- 
brown to dark brown were observed too. 

The mean polishing hardness is about the same 
or somewhat higher than that of common 
pyrochlore. 

Finally several polished thin sections (with the 
common thickness of about 20—30 u) were 
made of pyrochlore crystals that looked turbid 
with the naked eye or under a binocular micro- 


scope. 
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Here are four typical machines— the 
Hardinge Mill, Vacseal Pump, Rovac 
filter and the Tyrock Screen — from 
the IC range of key surface equip- 
ment, which also includes thickeners 
and laboratory equipment. s 
For every type of mine...any kind 
of ore... you can depend on IC 
equipment. 
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Fig. 1 — Needle to lath-shaped segregations in Fig. 2 — Same object as fig. 1, but with crossed nicols 
pyrochlore (polished thin section, vertically reflected and transmitted polarized light (1 mm on the photo is 
ordinary light. 1 mm on the photo is about 6.1 u). about 6.1 4). Note the many anisotropic needles 
P = pyrochlore, R — rutile, C — carbonate, Fe = forming a sort of grid. 

fersmite, black = pits, trenches, etc. 


Fig. 3 — Pyrochlore fairly strongly altered in fersmite 
(vertically reflected ordinary light. 1 mm on the photo 
is about 6,2 u). P = pyrochlore, Fe = fersmite, Ki 
= Jute, R = rutile, medium grey = unknown 
gangue material, black = pits, trenches, etc. 


Fig. 4 — X-ray powder patterns of fersmite from Ravalli County, Montana (upper print) and Panda Hill (open 
cast 5C) Tanganyika (lower print). Fe-Ka radiation, Mn filter, camera diameter 57.3 mm, collimator radius 0.5 
mm. The pattern of fersmite from Ravalli County was made of a sample put in a Lindemann glass capillary of 
0.16 mm diameter (exposure 14% hour). The diagram of fersmite from Panda Hill was prepared by the 
method suggested by Hiemstra (3) (Exposure 4 hours). 
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In these sections many anisotropic needles were 
seen (fig. 1,2) with right extinctions and positive 
elongations. Birefringent colors up to red of the 
third order were observed. It was not possible to 
describe the colors of the very weak pleochroism. 
The shape of this mineral which obviously is not 
a pyrochlore has already been mentioned as 
needles, laths or elongated small rhombs. 
Sometimes the ends of the laths have a ragged 
form. 

The manner of occurrence of these minerals 
and the physical constants though poorly determi- 
ned make it probable that these anisotropic 
needles represent a niobate, probable a Ca- 
niobate. In table 1 the roughly established con- 
stants are summarized and compared with Ca- 
niobates (incl. fersmite) taken from literature. 

In the table one can see that the resemblance 
between the indices of the needle shaped minerals 
and CaO.Nb>s0,; (or fersmite) is fairly good. 
However, this is not enough for concluding that 
the anisotropic mineral is fersmite. Therefore it 
was tried to confirm it by x-ray diffraction 
methods. 


3. X-RAY POWDER DIFFRACTION ANALYSIS 
OF THE "NEEDLES” IN PYROCHLORE 


In a polished section of a concentrate a pyro- 
chlore grain with many needle shaped segregations 
(fig. 3) was selected. This grain was isolated from 


the section and an x-ray powder diagram was 
made of it, using the preparation method sug- 
gested by Hiemstra (1956). 

The powder diagram shows the common 
pyrochlore diffraction lines, but many other lines 
are visible too. Comparison of the film with that 
of fersmite from Ravalli County, Montana, shows 
that the diffractions not belonging to pyrochlore 
agree with those of fersmite. 

Moreover, with a binocular microscope many 
other turbid pyrochlore like grains, having an 
altered appearance, were picked out by hand. Of 
each grain a powder diagram was made, using 
the preparation method of Hiemstra also in this 
case. Many of these patterns have both pyrochlore 
and fersmite lines, but some of them show 
fersmite lines only (fig. 4). 


4. CHEMICAL EXAMINATION 


The fersmite crystals and segregations are very 
fine. Therefore it is impossible to make a semi- 
quantitative spectrographical analysis. 

In the following manner, however, niobium 
was proved. A fluorescent NaF bead was made 
of one of the grains, which showed only fersmite 
lines (see paragraph 3). In short wave ultraviolet 
light the bead had a distinct bluish white 
fluorescence. According to D’Arcy George (1949) 
this indicates to niobium. 

Polished sections made of concentrates con- 


Table 1 
i Fersmite Fersmite 
Needles in CaO. Nb20; (5) (Hess and Trumpout, 1959)(Hess and Trumpout, 1959) 
pyrochlore (Rowland a.o. 1958) Ravalli County Vischnevye Mts 
Montana Central Ural 
2.08—-2.09 2.07 3 
D= (smallest index) (calculated) NEE about 2 
ny 2.10 2.08 (calculated) 
2.15—2.16 2 
Dz (largest index) 2.19 2.19 (Li) 
Zu) probably between j 
A=n -% ee 0.12 0.12 medium 
sign probably + => probably + 
Pleochroism 
Dx ) pale greenish 
Ny trace not listed yellow to not listed 
nz ) colorless 
pale yellow, orange j 
color brown, dark brown En loriess to dark brown black 
(internal reflection) aintly yellow to black 
luster resinous not listed resinous subvitreous 
to resinous 
hardness about 4—5 not listed 4—Ab5 227) 


taining pyrochlore, columbite and fersmite as the 
only Nb-containing minerals were analysed by 
point-counting and examined spectrographically 
for the Nb-content. Results showed that the 
niobium content of the so-called fersmite crystals 
and segregations most probably was between 
70—80%. 


5. CONCLUSIONS AND EVIDENCE FROM 
OTHER LOCALITIES 


From the X-ray powder diagrams, the roughly 
determination of the optical constants and the 
chemical examinations, it can be concluded that 
the needle-shaped anisotropic segregations in 
pyrochlore are very probable fersmite crystals. 

It is highly probable that this might occur in 
pyrochlore from Panda Hill as an alteration 
product. 

Apart from occurring in this find, it is not 
improbable that pyrochlore from other deposits 
too has fersmite as alteration product. For instance 
Harald Sörum (1955) concluded from several 
heating experiments that there must be an inter- 
mediate phase between koppite of Söve and colum- 
bite. The x-ray diffractions of this phase showed a 
close resemblance to that of fersmite. Moreover, 
he found in powder diagrams of unheated koppite 
several times the strongest line of his intermediate 
phase. According to Sörum this is a slıght indi- 
cation that the intermediate phase occuss as a 


>15 


natural mineral, but, of course, this does not 
constitute a decisive proof in this respect. 

Having regard to the observations on pyro- 
chlore of Panda Hill I consider it very likely that 
Sörum’s intermediate phase indeed is a natural 
mineral, i.e. fersmite. 
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THE DEVELOPMENT OF A PLANNING DEPARTMENT AT PANDA HILL 


N. MUSGRAVEI 


ABSTRACT 


This paper briefly describes the main principles 
involved, and the functions of a ’Planning Depart- 
ment’ as Management’s basic 'tool’ in the implemen- 
tation of these principles. An outline of the work 
carried out to date, and comments on results achieved 
is also included. 
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INTRODUCTION 

The advent of ‘Scientific Management’ in the 
Mining Industry is not a new development, but 
recent trends tend to stress increasing importance 
on its wider application. The depletion of easily 
accessible mineral resources, rising costs, and the 
recent world wide recession following the post 
war 'boom’ years have no doubt contributel tow- 
ards a feeling of urgency in this direction. The 
present day is possibly witnessing a stage of 
maximum activity in the development of new 
techniques in this field, and increasing awareness 
of the wide scope of these principles. The next 
few years may well witness a general usage of 
the various techniques, and wide universal ac- 
ceptance of a common system best suited to this 
Industry. Current literature is very limited, and 


1 Project engineer of H. H. Fraser & Associates 
(Rhod.) (Pvt.) Ltd., Bulawayo. 


mainly confined to short articles on specific 
topics. However, recent progress and develop- 
ments in this work will doubtless lead to major 
publications devoted entirely to this field and 
incorporated in all Mining Reference Books as 
an integral part of Mining Technology. In the 
meantime, more and more Mining Organisations 
are becoming increasingly aware of potential 
benefits to be gained, and the general trend is 
to keep pace with progress and shed traditional 
doubts. 

With these principles in mind, consideration 
was given to developing and establishing the ba- 
sic ideas of Scientific Management during the 
‘pilot plant’ stage at Panda Hill. It was realised 
that no appreciable savings or improvements in 
operations would be obtained during this stage, 
since virtually the entire emphasis of work was 
confined to technical research rather than output. 
On the other hand, it was felt that the existence 
of a familiar pattern of Management incorporat- 
ing these principles would be of great benefit in 
the preparation and commencement of large 
scale production operations, as finally envisaged 
for this property. 

After full consideration by the Board of Di- 
rectots and Management, it was decided to 
engage the services of a firm of Industrial Con- 
sultants to train and develop a ‘Planning De- 
partment’ at Panda Hill. This work was assigned 
to H. H. Fraser & Associates (Rhod.) (Pvt.) Ltd., 
a firm of Consultants based in Bulawayo, South- 
ern Rhodesia. An Engineer was transferred to 
Panda Hill, and the assignment commenced in 
May, 1957. 


PRINCIPLES AND OBJECTIVES 
A "Planning Department’ is basically a service 
directly responsible to the General Manager, 
under whose direction it is used to carry out 
detailed examinitions of all operations by means 


of the specialised science of Work Study. The in- 
formation obtained from this work is developed 
and extended in logical sequence until finally it 
becomes possible to establish a plan of working 
embracing all operations, and incorporating the 
best methods suited to local conditions. Manage- 
ment’s objectives are thus defined, but in order 
for the possibilities to be discharged most effecti- 
vely, it is necessary to develop controls which 
will pinpoint any sectors where the desired results 
are not being obtained, and thus allow efforts to 
be concentrated where they are most needed. The 
normal sequence in the development of this 
work, with fuller details, is described in the next 
chapters. 


Study of Individual Operations 


The programme of work for a Planning De- 
partment normally commences with the study of 
individual operations directly concerned with 
production work, but these studies are eventually 
extended to cover all sectors and departments. 
The method of study used provides accurate 
‘work values’ for each element of work contained 
in the operation, and careful analysis of these 
values forms the basis upon which the best me- 
thod of working is established. The necessary 
changes in layout and method are than made, and 
further study work carried out to confirm pre- 
vious values. These work values are then used 
to determine accurate 'standards’, relating equip- 
ment, labour, and output. A scale of Bonus Pay- 
ments is then drawn up, based on the maintenan- 
ce of standard conditions and output. The intro- 
duction of bonus is possibly the most important 
step in the application of this work, since it 
provides the incentive for labour to maintain a 
keen interest in carrying out.the operation in 
the required manner, and to keep working at a 
steady rate. Finally, suitable controls are deve- 
loped to keep Management informed of the pro- 
gress of work in relation to specified standards 
and to pinpoint the cause of any deviation from 
established procedures, so that any necessary 
corrective action can be taken with the minimum 
delay. 


Basic Controls 


As more and more operations are studied and 
‘setup on Work Standards, it becomes neces- 
saty to evolve wider controls in order to main- 
tain labour and equipment in accordance with 
specified standards or conditions. For instance, 
‘Labour Control’ is introduced to ensure that 
labour is engaged and allocated in exact accor- 
dance with specified requirements for each ope- 
ration; "Workshop Control’ defines which En- 
gineering facilities are necessary to execute the 
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necessary maintenance and repairs of equipment, 
and ensures that this work is carried out in 
strict priority of production requirements; 
’Preventive Maintenance’ eliminates breakdowns, 
reduces spares consumption to a minimum and 
ensures maximum utilisation of each unit of 
equipment. Secondly, by defining and schedul- 
ing maintenance for each item of equipment, 
ample warning is provided of stoppages to carry 
out this work, so that alternative plans can be 
made to ensure continuous operations and finally 
‘Stores Control’ defines maximum and minimum 
stock levels as developed from Preventive Main- 
tenance records, and ensures that stocks are main- 
tained within these limits, so eliminating un- 
necessary stores expenditure, but at the same time 
ensuring that equipment is not held up through 
lack of spares. 


Standard Costs 


The standards derived from the application of 
Work Study and Scheduled Maintenance vir- 
tually define the equivalent standard rate of ex- 
penditure in terme of Labour’ and Stores’, 
which items represent by far the greater propor- 
tion of total costs. A ‘Standard Costs’ may, there- 
fore, be determined for each operation, and fi- 
nally built up to a ‘Standard Cost Formula’ for 
the whole mine. This formula is derived by sub- 
dividing fixed costs’, which bear no relation 
to tonnage or output, and variable costs’ which 
vary in proportion to output. A Standard Cost 
Formula may then be expressed as a fixed amount 
per week, plus a fixed amount per unit of out- 
put, i.e. ‘per ton milled’. For any set of condi- 
tions, therefore, the total Standard Cost may be 
calculated for varying levels of output. 


Long Term Planning 

The determination of Standard Costs for all 
operations and the attainment of ‘Standard Per- 
formance’ in cartying out these operations may 
possibly be described as the culminating objec- 
tive of a Work Study Programme. The posses- 
sion of these facts serves two vitally important 
functions. Primarily it leads the way to a crystal 
clear’ understanding between the Company’s 
Board of Directore and Management. Manage- 
ment can present full details of the ‘Cost Struc- 
ture’ to the Board, and together they can then 
review these facts in relation to the latters’ Fi- 
nancial Policy. In this manner, compiete agree- 
ment can be reached in defining a Mining Po- 
licy related to ‘Profit Margin’, 'Grade of Ore‘, 
‘Ore Reserves’, Mineral Recovery’, and ’Output‘. 
The Manager therefore knows exactly what is 
required, and has the basis upon which to plan 
his long term Mining Policy. 
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The second function develops logically in htat 
Standard Costs can be adapted by Management 
as the ultimate control of all operations. This is 
described in the next section. 


Cost Control 


Since Standard Costs are developed from Work 
Standards, and related to a common unit, it be- 
comes a simple matter to convert these figures 
to serve as a direct measure of ‘Operating Perfor- 
mance’ in relation to established standards. In fact, 
the relation of Standard Costs and Actual Costs 
can be developed as the common basis of control 
for all operations, whilst other 'yardsticks’ such 
as "Tons per Labour Shift’, "Footage per Machine 
Shift’, "Tons per Pound Explosive', ‘Kilowatt 
Units per Ton Milled’, Miles per Gallon’, etc., 
etc., fall into secondary importance. In order to 
develop a form of ‘Cost Control’ on these lines, 
it is necessary to establish a system of accounting 
which will provide details of actual expenditure 
classified according to specified ‘Standard Cost’ 
headings. In addition, it is essential that these 
figures be right up to date and published at fre- 
quent intervals, so that effective use can be made 
of them as a means of control. It is customary 
for Cost Control returns to be made on a Daily 
or Weekly basis, and to originate at Head of 
Department levels, since they are the persons 
most directly concerned with operating expen- 
diture. This latter practice has come to be known 
as Responsibility Costing’, and it has met with 
considerable success elsewhere. Briefly it en- 
tails the establishment of Department Budgets 
based on Standard Costs, and granting full autho- 
rity of relative expenditure to the Head of De- 
partment concerned. The granting of authority 
on a monetery basis has proved effective in 
making these persons more conscious of their 
responsibilities, and the fact that their expen- 
diture is a measure of their efficiency, provides 
added interest. Details of actual expenditure are 
published in the form of Cost Reports for each 
Department Head, and their publication becomes 
an eagerly awaited event. 

These Cost Reports provide detailed compari- 
sons between ‘actual’ and 'budgetted’ expenditure, 
so that it is a simple matter for any Head of 
Department to detect the source of any item of 
expenditure deviating from standard. These re- 
ports usually form the main agenda in Weekly 
Meetings between the General Manager and his- 
Senior Staff. In this way, Management can focus 
attention on any particular phase of activity 
where the desired results are not being obtained. 
Corrective or alternative measures can be plan- 
ned and directed with the minimum of dealy. In 
short, it is through the intelligent use of this 


control that Management is able to fulfil the 
basic principle of exerting its full attention and 
guidance to those sectors where the need is most 
urgent. 

It may be of interest to note that the develop- 
ment of ‘Cost Control’ on the lines mentioned 
above is a relatively new development in present 
day mining practice. A significant feature of this 
system is that the Accounts Department is 
brought right into the 'sphere’ of the produc- 
tion network through the information they pro- 
vide in assessing the efficiency of aperations. 
Whereas in the past, the Accounting Section pri- 
marily concerned themselves with strict 'Finan- 
cial’ accounting directed towards the Annual 
Audit, Balance Sheet, Profit and Loss Account 
and Shareholders Report, the modern tendency 
is for this information to be produced as a 'by- 
product’ of Cost Control figures compiled to assist 
Management in the efficient control of opera- 
tions. It is, however, essential that the Account- 
ing Department Staff fully understand all pro- 
duction methods and problems to which their 
figures refer, since Management will rely on 
them to a large extent to interpret the informa- 
tion they produce. 


Attainment & Maintenance of Standards 


Mention has been made of the introduction of 
Incentive Bonus, and the development of 'con- 
trols’ as the means of maintaining standard con- 
ditions of working. Of equal importance how- 
ever, is the existance of effective supervision over 
all operations, and, a clear understanding on the 
part of every individual of what is required 
of him. Supervision largely depends on the se- 
lection of the right persons for the job, and the 
use of 'aptitude testing’ has been developed to 
a high degree for this purpose. In order to pro- 
mote complete understanding of the work re- 
quired, a Manual’ is developed which provides 
a detailed description of the method and standard 
for every operation. It is used as the basic syl- 
labus for Training Schemes designed for the spec- 
ific purpose of teaching both senior and junior 
personnel precisely how Management requires 
the mine to be run. 


Resume 


The development of these principles along the 
lines described, and their application in controll- 
ing operations, is broadly what has come to be 
known as ’Scientific Management‘. Since a large 
portion of this work requires careful ‘planning’, 
e.g. in establishing new methods and layout, 
scheduling maintenance work, introducing grade 
control, determining production calls, etc., etc., 
the term ‘Planning Department’ has been com- 


monly adopted as the identity of the section di- 
rectly concerned in the application of this work. 

The efforts of the Planning Department alone 
are not sufficient to ensure success of any such 
undertaking. Antagonistic or prejudiced feelings 
on the part of responsible personnel can very 
easily jeopardise their work. Primarily, their ac- 
tivities must be directed by Management, and 
the outcome of their 'findings’ enforced in a 
strict, but logical, manner. Secondly, they will 
depend to a large extent on full co-operation and 
understanding from other members of the staff 
with whom they come into contact, for it is 
these people who must finally achieve the 
desired results. Succes depends very largely 
on the keenness and initiative of these person- 
nel, and full credit must be given for any success 
achieved, since this is a direct indication of their 
capabilities. It can readily be appreciated from 
these remarks, that Planning Department person- 
nel must be familiar with the fundamentals of 
psychology and tact in their approach to these 
problems. 


Some readers may be of the opinion that it 
is not necessary to indulge in the additional ex- 
pense of employing a Consulting Organisation 
to carry out this work. The alternative of deve- 
loping these principles with Company Staff di- 
rected by Management may be favoured. Various 
examples may be cited of the advantages of em- 
ploying ‘outside’ Consultants. Perhaps most im- 
portant is the knowledge which the Consultants 
possess as the result of a very wide range of ex- 
perience in the field of Scientific Management. 
This is especially important in the case of the 
‘Basic Controls’ previously mentioned, and in 
applying the modern techniques of Cost Control. 
The accumulation of experience, knowledge of 
'short-cuts’, and a link with latest developments, 
enables the Consultants to apply these principles 
with rapidity and immediate effect, whereas an 
individual mine would take many years to de- 
velop comparative circumstances. Secondly, the 
Consultant can maintain a 'neutral’ approach 
within the ‘family circle' of a mine, and need 
not be drawn into any jealousies regarding pro- 
motion as a member of the Mine Staff. This 
makes it easier for him to win the confidence 
of others. 


DEVELOPMENTS AT PANDA HILL 


Prior to the arrival of the Consultant Organisa- 
tion; a member of the Mine Staff had been sel- 
ected and appointed os ’Chief of Planning’, to 
be trained in the various procedures of Work 
Study and Scientific Management and finally 
to take over the responsibilities of running the 
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Planning Department after the departure of the 
Consultant Organisation. 


The first step in the development of the new 
Department was the training of the Chief of 
Planning in the fundamentals of Work Study. It 
was decided to adopt two basic methods of Time 
Study, namely, ‘Direct Study’, applicable to ob- 
servations confined to the activities of a single 
person or unit and 'Random Observation Study’, 
applicable to observations of an operation carried 
out by a group of persons. Training of the Chief 
of Planning in these methods was soon accom- 
plished, and the knowledge gained was soon 
applied to the study of actual operations. 


Application of Work Study 

Work Study was first applied in practice to 
‘Hand Loading Operation’ of broken ore from 
opencast workings. This work involved the 


breaking of large rocks by hammer and loading 


a mixture of coatse and fine material by hand or 
shovel into 5 ton Tip Trucks. After a period of 
study results were analysed, a standard method 
of working defined and Works Standards com- 
puted. An Incentive Bonus Scheme based on 
these standards was drawn up, and the complete 
standard set-up applied to this working during 
July, 1957. The members of the Mining De- 
partment displayed a keen interest in this under- 
taking and mainly as a result of their handling 
and strict supervision of this work, improved re- 
sults were soon obtained. By October "Labour 
Productivity’ had risen from the equivalent of 
5.0 tons per Labour Shift to + 9.0 tons per 
Labour Shift, equivalent to an increase of 75 %. 
It is a tribute to the Mining Department Staff 
that this high standard has been maintained ever 
since. 


Following the completion of the Hand Load- 
ing Set-up’, work study was extended to other 
operations with satisfactory results. An apprecia- 
tion of the variety of operations covered can be 
gained from the list of items studied: 


Jackhammer and Longhole Drilling. 
Prospect Pit Sinking. 

Aerofall Mill and Explosive Magazine 
Excavations. 

Gravel Loading and Road Maintenance. 
Grass Cutting. 

Building Operations. 

Mill Sampling. 

Vehicle Servicing. 


Basic Controls 

Within a few months of the commencement 
of the assigment, it was decided to introduce a 
system of Labour Control’, covering African 
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Employees. This was accomplished during the 
early part of 1958. A detailed analysis of labour 
requirements for each department was compiled, 
and corresponding ‘Standard Labour Allocations’ 
drawn up. These were based on Work Standards 
for those operations that had been studied, and 
on an arbitrary basis where no values were 
available. To facilitate identification and con- 
trol, labour complements were split into 'gangs', 
with each gang allotted to a specific operation or 
section. Standard Gang Complements were ap- 
proved by Management, and the necessary con- 
trols instituted to maitain these complements in 
accordance with authorised standards. As a res- 
ult of this work, the total Mine Labour Force 
was reduced by 13 %. 


In addition to the introduction of 'Distribu- 
tion Control’, discussed above, various admini- 
strative routines were also revised. A novel feat- 
ure of this work, was the introduction of the 
Negative Pay’ system of timekeeping. This syst- 
em is based on the principle of keeping a daily 
record of 'absent' labour only, and since this 
labour represents a very small proportion of the 
total labour force, the necessary timekeeping is 
reduced accordingly. This system has been found 
to operate very satisfactorily, and only requires 
the attention of one person for approximately 
15 minutes each day, and 11% hours at the end 
of each week. 


As a final contribution, full details regarding 
"Conditions of Employment’ of African Labour 
were drawn up with Management and published 
as a Standard Practice Manual together with La- 
bour Distribution Control and Administration. 


As an initial example of the fundamentals of 
’Scheduled Maintenance’, it was decided to in- 
troduce a system of preventive maintenance cov- 
ering motor vehicles. Firstly, the frequencies of 
routine servicing of the various vehicles were 
agreed upon after discussion with the Engineer- 
ing Department and Management. Details of the 
'servicing’ to be carried out for each of these 
'schedules’ were then drawn-up from information 
contained in Manufacturers’ Catalogues and from 
knowledge gained under local operating condi- 
tions. Servicing Instructions were printed for 
each schedule, so that they could be handed to 
the mechanic assigned to carrying out each ser- 
vice. The mechanic is required to sign for each 
service item completed and finally the sheets 
are filed for reference purposes. 


A suitable form of ‘maintenance control’ was 
then designed to ensure that this work is carried 
out as scheduled. Vehicle Log Sheets were drawn 
up to show full details of running performance 
and costs for each vehicle. Spares consumption 


analysis records were commenced to assess the 
frequency of replacement of the major spares 
items. This information will later be incorporated 
in the ‘maintenance service schedules’, and will 
also be used to build up 'maximum-minimum’ 
stock control in storekeeping. Finally a bonus 
scheme was drawn up, based on correct mainte- 
nance and care of vehicles, with penalty clauses 
for 'avoidable’ breakdowns, carelessness, etc. 


Cost Control 


It was decided to introduce a system of "Cost 
Control’ based on the principle of delegating 
responsibility of specified expenditure to De- 
partment Heads, and maintaining their interest 
by providing frequent and up to date details of 
related expediture. A system was introduced in 
close collaboration with the Accounts Depart- 
ment. 

Firstly, a daily ‘control’ on Stores expenditure 
was introduced, in the form of graphs showing 
daily stores expenditure in relation to a ‘target 
line’. A separate graph is kept for each Head of 
Department and submitted to him each day for 
scrutiny. A separate graph showing total stores 
expenditure is kept for the General Manager. 
Until accurate standard cost details are develop- 
ed, it was decided to base ‘target expenditure’ on 
the average of the previous four months’ expen- 
diture, less 10 %, as a potential margin of sev- 
ing. The total stores expenditure for the next 
four months was slightly under te target figure. 
Whilst this does not convey any definite evidence 
of a saving, it is at least an encouraging indi- 
cation. 

To provide a more detailed form of costing it 
was decided to develop a system of "Weekly Cost 
Returns’, in addition to the daily graphs. This 
was developed on the basis of presenting a 
"Weekly Cost Report’ for each Head of Depart- 
ment. These reports are available within two days 
after the end of each week and show full details 
pertaining to output, labour expenditure, stores 
expenditure and charges made through services 
rendered by other Departments. A Management 
Meeting is held every week, on the day that 
these reports are published, and latest costs are 
discussed and where necessary, suitable plans are 
made to reduce any excessive expenditure. 

In order not to impose any additional work on 
the Accounts Department in the compilation of 
these reports, it was decided to resort to a four 
week period’, in place of a calender month, so 
that cost control figures and calculations could 
be used directly in the compilation of the offi- 
cial Financial Accounts. This marked an im- 
portant step in the pursuance of the new prin- 
ciple of ‘producing Financial Accounts as a bye- 


OT 


product of Cost Accounts’. The procedure used 
has now been operating satisfactorily for several 
months. 

The publication of these reports provides a 
comparison of expenditure in relation to previous 
weeks, thus indicating any deviating trends of 
expenditure and pin-pointing the particular ex- 
pense item responsible. In order to provide a 
greater element of certainty for control purposes, 
it is necessary to know what particular factors 
influence the degree of expenditure necessary in 
each cost source. In other words, ‘standard costs’, 
must be derived for each particular cost source 
by analysing the various consumable items in- 
volved and determining the rate of consumption 
in relation to established work standards. The 
incorporation of these standards as the basis of 
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Cost Control in conjunction with the Daily Sto- 
res Graphs and Weekly Cost Reports allows for 
accurate assessment of the efficiency of all opera- 
tions, and also provides a reliable specification 
of minimum expenditure in relation to varying 
scales of production. Management is thus in a 
position of examine critically all aspects of 'pro- 
duction’ and 'expenditure’ by intelligent interpre- 
tation of Cost Control Statistics. The development 
of Standard Costs is now in progress at Panda 
Hill. This information will in additions provide 
valuable details for ‘planning’ of larger scale ope- 
rations and by maintaining the standards and 
controls already established, a firm foundation 
for the principles of Scientific Management 
should be assured for the change-over to large 
scale production operations. 


GEOLOGIE EN MIJNBOUW - 
SPECIALE UITGANVE - 


39e JAARGANG - 
100 JAAR BILLITON MI), 


PAGINA 522—530 - OKTOBER 1960 
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SUMMARY 


A few typical and uncommon achievements in the 
technical field during the existence of the Billiton 
Company will be shortly described. 
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I. INTRODUCTION 


When reviewing — as we do — a period of 

100 years of mining activity, we prefer to limit 
our coverage of the technical field to the des- 
cription of a few typical and uncommon achie- 
vements brought about by the Company’s mining, 
milling and smelting operations. It is in such 
operations, as and where carried out, that the 
technician’s ingenuity to cope wih unusual pro- 
blems with often limited means leads to novel 
or at least uncommon solutions. 
Our short survey will be divided more or less 
arbitrarily in the mechanical and electrical field, 
although it is clear that the one cannot do 
without the other. 


1 Head Technical Department of the Billiton Com- 
pany. 


II. POWERSUPPLY 
1. Powersupply and distribution. 

With the origin of its activities in open-pit 
tin mining on Billiton, pit drainage pumping and 
excavation were the operations which required 
(man) power. Obviously, at the ascent of me- 
chanical power sources, efforts were directed to 
apply machinery to these two operations in the 
first place. It is curious to note that steamdriven 
pumps were a success from the very beginning, 
whereas excavation and transportation of over- 
burden and ore could be mechanised only at a 
much later date by using water as a carrier 
(sluicing and hydraulicking methods). The me- 
chanical handling of dry or solid material must 
have proven to be quite a job and only the intro- 
duction of the dredge in 1920 opened up the field 
for mechanical digging. Earth moving machinery 
as first used extensively in the United States of 
America, could not favourably operate in the 
mostly soggy ground conditions on Biliton, un- 
til recently a new effort was made to use the 
dragline for excavation of rather small and shal- 
low deposits, which did not warrant the expense 
of dikes and waterworks, required for 'wet’ exca- 
vation. The tests on Billiton have not been con- 
clusive: in other surface mining operations, 
however, the dry excavating method was obvious- 
ly indicated and we thus find shovels and drag- 
lines extensively employed in these fields, with 
the bucket wheel excavator as the newest addi- 
tion. 


When looking in retrospect at the type of 
power engine used we see the sturdy but bulky 
reciprocating steam eugine and its boiler being 
replaced where possible by the electric motor. 
The reduction in weight paid heavily during the 
frequent moves of the installations to follow the 
excavations, notwithstanding the fact that the 


powerline required the necessary attention. When 
electric power thus proved its many sided ad- 
vantages, it is not astonishing te record the vast 
increase in size of Billiton’s main diesel electric 
power station at Manggar, which before the 
last war became the second largest station of 
its type in the Southern hemisphere. An exten- 
sive 30 kV transmission system with a large 
number of 30/3 kV substations served the tin 
mines on the eastern part of the island, including 
the underground mine at Klappa Kampit. 

It is curious to note, that after World War II 
with most of the installations found to be 
destroyed or carried away by the Japanese, a 
positive tendency to decentralise the power 
supply could be observed. This trend resulted 
from the development of the small, light high 
speed dieselengine as a reliable machine which 
could be moved around — with the aid of mo- 
dern tractors and other mechanised haulage 
equipment — nearly as easily as the electric 
motor and which did away with the distribution 
system. Thus a number of pits were equipped 
with dieseldriven pumps and several electrically 
driven dredges were converted to self-contained 
dieselelectric drives to the advantage of their 
independance of shore facilities. 

In other of the Company’s operations, where 
distances were less extensive than on Billiton, 
central powerstations are still used, but local 
conditions may dictate alternative solutions. In a 
similar way the application of electric power to 
mining normally follows the well beaten path 
followed all over the world, except where local 
conditions or problems have led to unusual solu- 
tions. A few of these are described in some more 
detail below . 


2. Powersupply and load 


A situation, frequently encountered in mining 
operations in out-of-the-way places is the pri- 
vately owned powersupply system, just large 
enough to furnish power to the company’s mine, 
mill and camp. For the sake of economy usually 
just enough machinery in the powerstation is 
kept operating to supply the load demand but 
this means that heavy loads may not be added 
to the lines without permission of the power- 
station superintendent. On Billiton, for instance, 
a dredgemaster had to obtain such a permission 
by telephone before starting up the heavy motors 
driving pumps, screens, hoists and main drive. 

A peculiar situation arose in Surinam, however, 
where it was decided to remove the overburden 
of the bauxite deposit by means of a bucket wheel 
excavator, discharging onto a system of nearly 4 
kilometers of belt conveyors, The power for this 
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operation, amounting to some 2500 HP in total, 
was to be supplied by a small powerstation in 
which skid-mounted dieselelectric sets were in- 
stalled; this station could be moved easily at 
regular intervals to keep in close vicinity of the 
operations. The widely scattered motors of the 
conveyors and the excavator are conventionally 
interlocked so that any trip-out will stop the 
preceding motors (counted in the direction of 
flow of the material) and conversely starting of 
the motors has to take place in the sense opposite 
to this direction of flow. Full automatic operation 
has been planned, but this opens up the possi- 
bility that the complete installation could be start- 
ed up without sufficient power available in the 
dieselplant. Inasmuch as the necessity for easy 
centralised supervision was also felt, the inter- 
locking pilot wiring was extended to the power 
station itself and a supervisory panel installed 
on which the cause of trip-outs can be traced for 
each conveyor. Furthermore individual push but- 
tons enable the powerstation operator to „release 
for operation” at will each of the conveyor mo- 
tors, dependent in the available dieselpower at 
that moment. It is expected that this arrange- 
ment, dictated by the local conditions and avai- 
lable power, will reduce stoppage time and un- 
necessary overloads of the station which, if oc- 
curring, should cause a complete shutdown. 

Needless to say, that the system described is 
supplemented by radio links with the terminals 
of the conveying system and that telephones may 
be plugged in anywhere along the conveyor line 
for easy communication during repairs or inspec- 
tions. 


3. Transmission networks 


On extensive high voltage transmissionsystems, 
carrying the power to the — often numerous — 
excavations and mining centers, the lines show 
an unusual aspect in a special way. The radial 
system, mostly used for these H.V. lines, extended 
sometimes as far as 50 miles from the power 
station and supplied the power to a great number 
of stepdown substations, each centrally located 
for a number of mines. 

The stepdown substations mentioned above 
were mostly teed off the line via a handoperated 
polemounted disconnecting switch. Where possi- 
ble a substation could be hooked on to another 
line (for emergency power to operate drainage 
pumps in open pits, for instance). This extreme- 
ly simple system can, up to a point, fulfill its 
duty satisfactorily. In case of extreme growth of 
mining operations, however, conditions may ne- 
cessitate a more elaborate arrangement with pos- 
sibilities of selective tripping and sectionalising 
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in case of a disturbance. Such a situation prevail- 
ed at Banka, where the Company was requested 
to take the management for 5 years. 

A project was made to include a second power- 
station, to be operated in parallel with the exist- 
ing one via the existing 30 kV lines. The sub- 
stations, operating from these lines, were to be 
equipped with separate breakers, which would 
trip out only on failures at the load side; auto- 
matic reclosing and lock-out features were pro- 
vided to minimize downtime where possible. As 
a powersource to reclose the breaker in these 
unattented stations, pneumatic operating mecha- 
nisms were provided, connected to a steel high- 
pressure air flask through pressure-reducing 
valves. 


4. Neutral grounding practice 


On its high-voltage distribution networks it 
has been the Company’s practice to leave the 
neutral point ungrounded. There are two reasons 
for this standpoint, which count heavily in ma- 
king important decisions of this kind. 

In the first place it has to be kept in mind 
that mining operations, be they of the open-pit 
or underground type, are nearly always carried 
out in moist atmospheric conditions, at high 
temperature surroundings and in waterlogged 
terrain, conditions which seriously increase man’s 


vulnerability to electric shocks. If neutral points» 


were grounded, heavy ground currents due to 
faults may be expected and the resulting poten- 
tial gradients set up in the carth offer a very 
real danger. This condition does not appear in 
ungrounded systems except in case of double 
phase-to-ground faults which, as experience has 
shown, are a much less frequent occurrence. An 
efficient alarm system, warning the supervisory 
personnel of a single phase insulation breakdown, 
leads to a speedy removal of the fault source and 
thus helps to materially reduce the much feared 
double-fault condition. 

In the second place the Company’s transmission 
systems are constructed at out-of the-way 
places with only a single power station. A line 
outage therefore means stopping the operations 
of the mines, a condition which should obviously 
occur as infrequently as possible. Here again the 
non-grounded neutral is advantageous and allows 
continued operation in case of single phase 
faults, at the same time allowing such a faulty 
conditions be brought to the attention of the 
operating personnel. 

On extensive transmission systems, where ca- 
pacitive ground currents may make themselves 
felt, the grounding via Petersen coil has given 
very good results. especially in territories with 


frequent thunderstorms. As it seems that these 
storms occur more frequently and are of a more 
severe nature over areas of low soil conductivity, 
and taking into account that such areas are often 
of importance to mining, the favourable expe- 
rience with Petersen coils is the more appreciated. 

Resistance grounding of intermediate Voltage 
(3-6 kV) systems has only been found necessary 
in Surinam, where large excavating machines in 
open-pit mines are supplied with power through 
trailing cables. The adverse working conditions 
combined with a relatively large system of cables 
(which may be damaged by mining operations) 
made it advisable to use non-delayed breaker 
tripping in case of single phase faults and a small 
but definite fault current, obtained through a 
neutral grounding resistor was required to actuate 
selective tripping relays. 

The neutral grounding practice on low voltage 
networks is, however, quite the reverse from the 
above, only solid grounding being applied. Only 
where the network is confined to complete in- 
stallations, mounted on steel hulls (dredges) and 
where appreciable single phase fault currents may 
occur due to the extremely low resistance path 
through the steel structure, a damping resistor 
has been inserted in the neutral ground wire. 
An overcurrent relay, insensitive to fault currents 
of low intensity or very short duration, is placed 
in series with the resistor and causes the main 
breaker to trip if dangerous currents should 
occur due to faults in heavy cables or machines. 


5. Safety grounding practice 


Grounding of machinery and structures to 
prevent the occurrence of voltages dangerous to 
personnel is, of course, universally applied. If the 
ground resistance cannot be reduced to a suffi- 
ciently low value by normal means (a condition 
which is found to exist rather frequently), so- 
called Heinisch-Riedl relays are applied which 
trip the relevant circuitbreaker; these relays ac- 
tually measure the voltage between structure and 
groundwire and operate when this voltage as- 
sumes a dangeorus value. 

The protection of 'moving’ machines (dredges, 
excavators) offers special problems. Dredge pon- 
toons were connected to a low-resistance ground 
ashore by means of a ground wire carried in the 
floating power cable, which offers complete 
safety in this respect. It was doubted, however, 
if a similar system could be regarded as equally 
safe in the case of excavating machines in Su- 
tinam, and it was deemed necessary to accept 
power tripping of the feeding breaker through 
the use of phase-balance and ground fault current 
relays to offer an acceptable degree of safety. 
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The fact that this measure may cause extra down- 
time for the installation has to be accepted as 
a necessary evil. 

A peculiar disturbing situation, which had 
however nothing to do with the powersupply 
but which was caused by lightning hits, was 
found to exist in the Company’s underground 
mine at Klappa Kampit, Billiton. Direct light- 
ning hits to ground proved to cause highly con- 
centrated discharge currents in the many water- 
filled faults which occurred in the rockbody. 
Even after all rails, compressed airlines and other 
steel parts underground had been painstakingly 
connected together and grounded in numerous 
spots, streamers could be observed in the working 
fronts and workmen complained of painful 
shocks without fatal acidents occurring, however. 
Strict safety rules were laid down regarding the 
procedure to wire electric firing caps for blasting 
in order to prevent accidents by stray currents. 

It may be of interest to illustrate the far-re- 
aching measures taken against the hazard of elec- 
tric shock, as applied to the underground mine at 
Klappa Kampit. For this purpose fig. 1 is in- 
serted, which shows in schematic form how the 
different circuits of each of the five shafts were 
made to trip in case of dangerous conditions. It 
is worth mentioning that even on this very com- 
plicated system only one trip-out has been re- 
corded for which no cause could be found. 


Ill. MECHANICAL DEVELOPMENTS 
1. General 


There is a striking difference in the importance 
and scope of work, covered by the mechanical 
department of a mining operation, as compared 
to nearly any other enterprise. Only seldom does 
one find such a wide variety of duties, involving 
not only the mechanical part of mining equip- 
ment as such, but in addition fully equipped re- 
pairshops, care of a transportationsystem in- 
volving trucks, barges, railroads, powerstations, 
watersupply systems, etc. On Biliton a few more 
items including an oxygen plant, ice plant, rub- 
berlining plant, drydocks and a slipway for 
dredges and smaller ships, an oil tank farm, a 
plant for the manufacture of wood stave pipes 
and such were found. 

Most of the installations and equipment used 
are of a conventional nature, but it is obvious 
that special developments were required where 
the size or type of the equipment, to be handled 
with often non-trained personnel, made these 
necessary. 


2. Hoisting facilities 


The installations of hoisting facilities for lift- 
ing and exchanging heavy machinery on board 


of dredges, have been the result of ever increasing 
size and weight of the machines themselves. It 
was found, however, that often enough individual 
facilities, using hand-operated lifting tackles, 
were installed at each spot where this was con- 
sidered necessary. As a result each dredge includ- 
ed numerous such installations and the time lost 
in moving heavy pieces was still considerable. 
An opportunity arose when the latest seagoing 
cutterdredges 'Langkuas’ and ’Selajar’ had to be 
built, to bring about some radical changes in this 
respect and consequently an electrically driven 
overhead travelling crane, covering the engine- 
room, pumproom and foredeck with its winches, 
cuttermotor and cuttershaft was installed. The 
only item requiring a separate hoist, was the 


‚cutter itself which could not be reached by the 


crane. The load, picked up by the crane, can 
also be moved out on each side of the ship to 
deposit same into a barge mooted alongside. This 
arrangement results in a saving in time, expense 
and manpower, offsetting the investment costs 
of the crane itself. 

Obviously such a solution can only be realised 
in a newly designed ship. It was found, however, 
that on existing dredges large improvements 
were possible, for instance in the method of ex- 
changing the large revolving screens used in tin- 
dredging. The existing superstructure over the 
screen could be made to carry four heavy lift 
tackles, which could bodily lift the screen with 
its tires (total weight some 40 tons) and move 
it outside the ship into a barge, whereupon the 
new screen could be hoisted in in the same way. 
Not only could down-time be reduced greatly, 
but the assembly of these large screens and their 
careful lining-out could be much better carried 
out ashore in the large workshops than aboard 
in the cramped space available, resulting in re- 
duced wear and maintenance. 


NDR 


With the ascent of the seagoing dredge in Bil- 
liton a whole fleet of auxiliary ships started to 
grow. The most important of these are the tugs, 
to whom befell the towing of lighters and oil 
barges, as well as the work for the manoeuyring 
of the dredge itself (cables, anchors). Long be- 
fore the second world war the Company ordered 
its first twinscrew tug equipped with Kort-patent 
propeller tubes. This construction has proven ex- 
tremely succesful when operating in the shallow 
waters around the island; even when grounding 
at falling tide the ship was completely stable and 
simply continued its work at the next high wa- 
ter. Similar ships, totalling about twenty in num- 
ber, were built during the post-war reconstruc- 
tion period. 


The disadvantage of having to carry stocks 
of spare parts for both left-hand and right-hand 
diesels, reversible couplings, gearboxes and pro- 
pellers had to be accepted, because it is standard 
practice in shipbuilding to turn one screw in the 
opposite sense of rotation to the other, when 
steaming ahead. If it be true that a ship is 
sensitive to the direction of rotation of its pro- 
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pellers, the question arose whether this sensiti- 
vity could exist at all in a ship equipped with 
Kort-tubes. 

No definite guarantees could be obtained, but 
the Company went ahead and had the last tug 
S 24 built with identical propellers and drives (fig. 
2). The result obtained during trial runs con- 
firmed the theory and thus a material saving in 
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Fig. 2 — Twin screw tug with identical propellers. 
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cost for the necessary spares could be obtained. 
Fig. 2 shows the tug being loaded for transport 
overseas. It may be mentioned as an aside that 
this ship was the first to be equipped with all 
controls for the diesels and reversing gear cen- 
trally located in the wheelhouse. 


4. Screening of water on dredges 


The large amounts of water required for the 
washing and concentrating process of tin ores 
aboard a modern dredge, necesitates the provision 
of adequate screening at the water intake. Where- 
as a seagoing dredge operates in relatively clean 
water, the paddock dredge has to cope with — 
often — a large amount of floating debris (grass, 
roots, twigs) which easily clog the intake screens 
for the main pumps. Even the arrangement of 
duplicate screens on each side of the dredge 
could not prevent that much labour was required 
to remove the packed material. 


It was therefore decided to install slowly ro- 
tating screens in the pump intakes of the cutter- 
dredges ’Langkuas’° and ’Selajar’; these are 
equipped with waterjets to remove the collected 
trash automatically. The screens are driven by 
small electric motors and the debris are discharg- 
ed overboard by the jetwater. This type of screen- 
ing, which is applied to the water intake of steam 
power stations, using river water, has resulted in 
decreased down-time from screen clogging. 


5. Drilis and drilling methods 


It seems remarkable that with the multitude 
of drills available for the purpose of drilling 
holes in the ground, circumstances may indicate 
that the ideal drill for a specific job is still not 
to be found ready-made. The Banka handdtrill, 
developed for sampling alluvial ore deposits, has 
found a wide field of application outside the 
islands Banka and Billiton and was used exten- 
sively in the Company’s tin mining operations. 
Its drawback, namely requiring a relatively long 
time to complete a borehole, became more and 
more important in the post-war period of rising 
wages and raised production. Several mechanical 
versions of the old drill were considered and 
one design tested at Banka, but it was found 
that a simple mechanisation process would in- 
crease the size and weight of the machine so 
much that it could not be used successfully in 
swampy areas and wooded lands. 


The introduction of the waterjet as a pulser 
mechanism to loosen the earth inside the casing 
and to carry the particles up to ground level, 
proved to be the answer to the problem. The 
speed with which a hole be sunk, was a multi- 
ple of the former speed and — astonishingly in 


the beginning — the recovery of valuables was 
much better than with the hand bailer; the latter 
phenomenum may be explained by the fact that 
the pulsing movement may have caused fine tin 
particles to be ‘jigged’ so far down, that the bailer 
could not reach them, whereas the jetdrill, with 
its casing driven to bedrock, would thoroughly 
clean its contents. The jetdrill needed as only 
mechanical part a small dieseldriven pump which 
could be easily skidded into a suitable place close 
by. In fact, the drilling speed proved to be so 
high, that drilling at sea could be carried out 
from a small floating platform, the pump being 
mounted in the attending motorlaunch. 


IV. CONTROL APPLICATIONS 


1. General 


There is obviously little need to enter into a 
description of the widespread conventional elec- 
tric drives of machines of all kinds, because si- 
milar cases are found everywhere. Mention is 
therefore only made of a few cases where operat- 
ing conditions warranted special drives and con- 
trols. In this field also the ascent of modern in- 
strumentation and 'automation’ begins to make 
itself felt and the possible advantages of special 
drives, as made possible by the electric motor 
should have a far reaching influence on mining 
and metallurgical machinery and methods. 


2. The three-field generator 

This machine, on the European continent also 
known as Krämer’-machine offers unique possi- 
bilities to certain D.C. power drives. Its property, 
when feeding a separately excited D.C. motor, of 
limiting the armature current and therefore its 
torque at standstill to a well defined value, has 
been applied to sideline winches aboard the 
cutterdredges 'Langkuas’ and 'Selajar’, resp. ope- 
rating at Billiton and Singkep. 


These dredges are equipped with spuds at the 
stern or amidships, for work in shallow water, 
but can also operate at sea, where they are an- 
chored to four side lines, bowline and sternline, 
like any other kind of dredge. When designing 
these dredges it was felt to be of advantage in 
handling the ship, if at all times both the 
port and starboard sidelines would be kept taut. 
In this way the ship’s position would be well 
defined at all times and idle time for hauling in 
a slack sideline, when reversing the swing motion, 
could be omitted. This purpose was achieved by 
installing two winches (each of which carries 
additional drums for bow- or stern lines and spud 
hoisting), each driven by a D.C. motor. The two 
winch motors receive their power from two 
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three-field generators, driven by an A.C. motor 
from the ship’s supply system. 


The two control handles are placed on the 
centralised control panel on the bridge, where 
one man controls all dredging operations. When 
the two handles are turned equal angles towards 
each other both winch motors pull at their 
wires with equal torque; by moving one handle 
sligthly ahead and the other astern, the torques 
are made unequal and the ship swings towards 
the side where the winchpull is greater. At the 
other side the line is paid out against the (re- 
duced) pulling torque of the motor and is thus 
kept taut. A close control of the ship’s movement 
and the necessary line pull and digging force is 
obtained and has made it possible to record the 
movements on a recording instrument which 
gives a clear and lasting picture of the dredge- 
masters’s activities (fig. 3). 


3. Automatic cycling control 


A situation "often \encountered in practice 
concerns a number of similar machines, controll- 
ed automatically in dependance of demand. As an 
example — which also depicts the first applica- 
tion for which the control system to be describ- 
ed, was used — two pumps are considered which 
keep an elevated water tank filled and being 
controlled by float switches. Normally one pump, 
working from one floating switch, can cope with 
the demand, but if this pump should break down 
or if the demand on the water system rises, the 
second float switch will start the second pump. 


For normal cases this simple system is fully 
adequate; in the Tinsmelter at Texas City, U.S.A., 
a condition gradually developed which threa- 
tened to become a real hazard to smelting opera 
tions. The watersupply, also used to cool the 
furnace walls, had to be fully reliable and two 
factors were found to endanger the reliability: 


1. Due to a gradual increase in water consump- 
tion the operating time of the first pump 
increased, as illustrated in the following 


graph. 
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Fig. 3 — Centralizer Cutterdredge 


Langkuas. 


control panel, 


The pumps (of the deepwell type) seemed 
to cause a stirring action at the underground 
sand filter upon stopping, and with only a 
short ‘off’ period, some fine unsettled sand 
was later sucked up and deposited in the 
plant piping system. If ‚such deposits had 
been formed in the furnace cooling pipes, 
overheating and consequently shorter life of 
the furnace walls would have been the un- 
welcome result. It proved therefore advisable 
to keep a well in regular operation, but if 
the pump stopped, ample time to settle filter 
conditions should be given. 

2. There is no check on the condition of the 
second pump. Although pump 1 and pump 2 
would be switched over to the first float 
switch every week, there existed an uncer- 
tainty that the ’spare’ pump would be in 
operating condition at all times. 

Inasmuch as a third well had to be dug for 
further expansion of operations, the control sy- 
stem was changed at the same time to give auto- 
matically a cycling control of all the pumps; the 
influence of this control on the behaviour of 
the pumps shown before, can be best deduced 
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from the new operational graph: 


( Pump 1 on DE DENTERR 
Cycle control 
Pump 1 on PER 
Cycle control for Pump 2 on on 
three pumps FF 
Ei: Time 


It will be seen that not only each pump ope- 
rates for a considerable time, but that standstill 
time has increased also, allowing for the settling 
of the well filter. Furthermore all pumps coope- 
rate in the process and if one of them should fail 
for whatever reason, an alarm is given immedia- 
tely and the next available pump in the cycle ta- 
kes over. There is therefore a continuous check 
on the condition of pumps and motors. 


Obviously the cycle control system can be 
applied to other problems as well (comptessors, 
transformers or rectifiers for rail-roads and 
streetcars, etc.). As an example a diagram for 
three machines in shown in the above figure. 


4. Spotting control of comveyors 


Of the countless possible applications of elec- 
tronic controls, one was used to good avail in 
solving the problem of accurately spotting two 
Shuttle conveyors relative to each other. Of these 
conveyors, forming part of a tin ore handling and 
bedding system, set up in an existing building, 


one of the two had to be carried lengthwise to 
the building through the rooftrusses. The ore, 
discharged from this conveyor, dropped onto 
the second — crosswise running — shuttle con- 
veyor mounted on a travelling bridge under- 
neath the trusses. A control system was required 
which would cause the bridge motor to adjust 
its position right under the head pulley of the 
first conveyor and to follow its movements. 
Inasmuch as the bottom truss members, passing 
between the two conveyors, prevented any kind 
of mechanical contact between the two, the so- 
lution was found by the application of double 
photoelectric relays on the bridge, actuated by 
two light sources mounted on the first conveyor 
frame. A passing truss member might intercept 
the light of one lamp, never both at the same 
time, so that the two relays (one for each direc- 
tion of bridge motion) would always be under 
the influence of at least one light source. In this 
way the bridge with its conveyor followed faith- 
fully the movements of the first shuttle conveyor 
and waste and spillage could be prevented. 
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The changing over from the old method of treating 
alluvial, tin bearing ground in sluice boxes to me- 
chanical ore dressing has rather been a question of 
shortage of skilled labour than a proved amelioration of 
the tin-recovery. 


Classification between the trommel and the primary 
jigs has been discarded. The primary jigs produce a 
poor tailing and a low concentrate that serves as a 
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INTRODUCTION 


The desirability of changing over from the old 
method of treating alluvial, tin-bearing ground in 
sluice-boxes, in which the required agitation of 
the ore-bed was exclusively brought about by 
manpower, to mechanical ore-dressing, has for 
quite a number of years been a controversial 
point. 

The subject was elucidated by Caron (1929), 
by Grondys (1929) and also discussed by Byden- 
dyk (1931). 


1 Mining engigeer (now retired) N.V. Billiton Maat- 
schappy. The Hague. 


. 


In Billiton too, serious attempts have often 
been made to prove the superiority of concen- 
tration of the dug ground on jig-dredges to that 
on sluice-dredges. However, the evidence of this 
superiority has never been conclusively furnished. 


The sampling of the stream of tailings did not 
tally with the drilling samples from the tailing 
dump belonging to these tailings, whereas the 
outturn in tin from the re-dredging of the dump 
in its turn differed considerably from the quantity 
of tin calculated by using the data obtained by 
the direct tailing-sampling and by the sampling 
of the drill. 

A reliable, continuous sampling of the 
enormous stream of tailings from the ore-dressing 
plant, in which the grain-size of the solids varies 
from almost 1” to slimes, is no simple matter, 
whilst, moreover, sampling of the tailing-dump 
by means of a Banka-drill cannot be considered 
reliable. 

The contents of the bore-holes do not only 
comprise the losses from the ore-dressing-plant 
proper, but also the ore not dug-out during the 
dredging operations, the ore that dropped from 
the buckets, which does not reach the mainhopper 
or the save-all and the ore which, together with 
undisintegrated material from the trommel-screen, 
reaches the tailing dump via the rock chute. 

Adding to all this, we have to repeat the well- 
known fact that the analysis, usually performed 
by dulang-washing, which does not cover all the 
cassiterite, is inaccurate. 

These factors and many others stood in the 
way of adoption of mechanical ore-treatment on 
board the dredges. 

Yet the jigs have won the battle on the dredges 
in Billiton, because sluices installed on board a 
ship have some drawbacks, not experienced with 
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sluice-boxes ashore. The grade of the sluices varies 
with that of the ship at changing digging-depth 
and on account of the varying sand- and ore- 
fillings in these sluices during the concentration 
process. Objections were also made to the limited 
length of the sluices. 


It was feared that all these factors might put 
the ore losses beyond control. 


These difficulties did not attach to the 
treatment on jigs, provided the pulpflow over 
the jigs ran in a direction perpendicular to the 
length of the ship. 


Sluice dredges as well as jig dredges had sup- 
porters and a conclusion in a report drawn up 
by the dredging engineer in 1928 on large scale 
tests with sluice dredges and jig dredges read as 
follows: "By a strict watch and working in good 
ground concentration losses can be kept very low 
in both systems; if the material to be treated is 
more difficult and if the water becomes too dirty, 
the washing losses will become higher in both 
systems. 


It is very hazardous to draw conclusions from 
the figures, either as to the superiority of the one 
dredge over the other, or as to one dressing- 
system over the other”. 


Nevertheless he states: ”As ideal figures for 
maximum losses, for both sluice dredges and jig 
dredges, we may take 8% and 5%, iespectively. 
As soon as the conditions as to kind of ground 
and water become unfavourable, these figures 
may rise to as much as 20%”. 


Yet the leading engineers arrived at the con- 
clusion that jig dredges were preferable. A great 
deal of teething-troubles have been overcome and 
although perhaps figures have not been conclusive, 
a saving of 50 highly trained ore-dressers on the 
labour strength of each dredge has been decisive. 
Towards 1940 all dredges were equipped with 
Jigs. 

After World war II the number of skilled 
Chinese workers at Billiton had shrunk very 
much and skilled sluice-dressers were even scarcer. 
Also in the "kollings”, i.e. the gravel pump mines, 
where the ground was loosened by monitors and 
was pumped as a pulp from the open pit by 
means of gravel pumps to the ore dressing in- 
stallations at the surface, hard necessity brought 
about the change from sluice concentration to 
mechanical ore-concentration by means of jigs. 
Here too, the figures had not definitely proved 
that the losses during treatment in sluice-boxes 
were greater than during treatment in jig-instal- 
lations. However, it looks as if the right choice, 
also as to the tin losses, has been made, because 
experience and the development of the dressing 


process have already brought the method to 
greater perfection. 

In our opinion, many improvements will yet 
have to be made before top-performance has 
been reached. The economy of the improvements 
will constantly have to be borne in mind, as the 
value of one cubic meter of ore-bearing ground 
is rather low. 


DEVELOPMENT OF MECHANICAL ORE- 
DRESSING ON DREDGES? 


The concentration process in sluice-boxes on 
board will not be dealt with. Only the development 
of the treatment of the tin-bearing ground on 
the dredges after the change-over from sluices to 
jigs will be discussed. 


Trommel and transport to primary jigs 


The ground dug by the buckets of the dredge 
is emptied into the main hopper, from which the 
material glides into a revolving screen with a 
slope of 1” per ft, a length of 12 to 16,5 meter 
and a diameter of 2.80 meter, depending on the 
dredging capacity. Revolutions 6 to 8. 

The first section of the trommel, 10 ft or 
more, is imperforate plate. The apertures of the 
screen vary from 3/8” to 5/8”. 

The trommel serves to keep the sterile oversize 
away from the washing process. This oversize is 
transported via the stone sluice to the tailings- 
dump behind the ship. 

Usually it is poor in tin, unless tough, sticky 
clay is dredged together with the ore-containing 
layer. 

In this case the cassiterite grains may leave 
the screen sticked to undisintegrated clay-balls 
and clay-lumps and so reach the tailing dump. 

A thorough disintegration of the dug-out 
material in the revolving screen is necessary, as 
from time to time the losses may be considerable. 
They are estimated at 1% of the total tincontent 
of the incoming ground. 

Disintegration in the sieve is performed by 
numerous waterjets from three rows of holes in 
a pipe, fitted inside the trommel along its total 
length. The waterjets hit the moving and rolling 
orematerial perpendicularly. 

At the rear of the screen the powerful jet of a 
monitor makes a last effort to disintegrate the 
remaining clay- and mud-balls at the end of the 
trommel. 

Although this disintegration often is sufficient, 
the process is not at all complete with much 
tough, clayey ground. 


o 


2 A flowsheet of the dressing-plant is given in fig. 
la, b, cand.d. 
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Improvement may be reached by installing 
nozzles instead of holes at the trommel-pipe. The 
water is forced by high pressure into the sieve. 
The angle of the nozzles with the pipe is 65 
degrees and the direction is such that the material 
is upheld. The pipe is connected to a high- 
pressure pump. The number of nozzles is de- 
termined by praxis. On dredge No. 6 at Billiton 
50 nozzles were used with an aperture of 25 mm 
at the front and 27 nozzles with an aperture of 
15 mm at the rear. The result of this trial was 
promising. 

An incidental advantage is that the quantity 
of water added to the screen decreases consider- 
ably, which is highly favourable to the cross- 
speed of the orepulp on the jigs. 

The above mentioned screening of the dug-out 
product to 5/8” and 3/8” is the only classifi- 
cation performed before it is subjected to its 
first concentration treatment over the jigs. 

As a matter of course, it has been tried to 
subject the screened-off materiall on its way 
from the trommel housing to the primary jigs to 
further classification and thickening. Without 
further comments it can hardly be believed that 
the primary jigs could perform a concentration 
on a pulp, in which the grain size of the solids 
varies from 5/8” and 3/8” to slimes and at a 
cross-speed over the jigs of 70 to 120 cm per 
second and a ratio solid - water of 1 to 10. 

And, indeed, vibrating screens have in many 
cases been installed between the trommel housing 
and jigs, i.e. Flämrich-screens. They were no 
success on the sea dredges®. Small conical shells 
clogged the apertures of the screens. Wear and 
tear was considerable and the steel springs 
suffered much breakage by the combined in- 
fluence of brackish and salty water and dirt. On 
a dredge working ashore, Symons screens with 
wooden instead of steel blade springs have even 
been used. According to reports performance 
was satisfactory. However, the wear and tear of 
the screen decks was heavy. 

Furthermore a kind of Rantau classifier with 
2 rows of discharge hoppers was tried-out. How- 
ever, owing to the continuously changing grain- 
size distribution in the material, one jig received 
too much, another too little, meanwhile much 
cassiterite was lost in the overflow. 

Also thickening pure and simple was aimed at. 
Success has never been reached. Tin was lost in 


3 The ”Singkep Tin Maatschappij” and the ”Ge- 
meenschappelijke Mijnbouwmaatschappij Billiton” were 
probably among the first companies to apply dredges 
in open sea. In the beginning of world war II the Bil- 
liton Cy sent two of its dredges to the isle of Banka to 
boost production. 


the overflow and clogging often occurred due to 
the nature of the material. 

Proper circulation of the pulp was influenced 
unfavourably by the arrangement of thickeners, 
which served as dewaterers. Loss in slope of the 
feed-and discharge-launders was caused. 

All the classifying apparatuses had in common 
that they hampered the surveyability on board 
a ship, where one always has to make the most 
of the limited room available. 

Above mentioned drawbacks have led to the 
abandonment of the vibration screens and the 
thickeners between the trommel and the primary 


.Jigs during rehabilitation after the war. 


The undersize of the revolving screen is caught 
in the trommel housing and flows to the divider- 
pot or spider, connected to the housing at its 
lowest point (fig. 2a en b). 

The pulp flows through radially arranged 
apertures made in the short, vertical cylindrical 
part of the spider and finds its way to the jigs 
via launders or pipes. In the beginning open 
launders were used. They often caused trouble 
when choked by coarse material, resulting in 
overflow and spillage. This was remedied by 
installing iron pipes. It was now possible to create 
slight overpressure in spider and housing. As a 
result, clogging occurred less frequently, but the 
wear and tear of the iron pipes was heavy. Later 
on they were replaced by 12” rubber piping. 

Bij discarding thickeners and dewatering devices 
the disadvantage of too high cross speed of the 
pulp over the primary jigs made itself felt to its 
full extent. 


Primary jigs 


The primary jigs are just rougher jigs. The 
object is to discard poor tailing and to submit 
the material to a second classification. The poor 
concentrate obtained averaging from 1 to 10% 
Sn depending on the cassiterite content of the 
feed, serves as raw material for the next treatment 
on the secondary jigs. It forms a nice material 
screened at 215 mm and classified for the next 
treatment by the secondary jigs. 

In many cases the cross speed counts heavily. 
The primary jigs, consisting of four com- 
partments consecutively named A, B, C and D 
from entrance to end, have a rectangular from. 
By the continuous addition of backwater the 
cross speed is increased to the end of the jig. 
Various measurements of this speed gave results 
from 70 to 120 cm per second; speeds that can 
hardly be called low. 

In many cases it appeared that the cross velocity 
could be decreased by reducing the water in the 
trommel, without affecting disintegration, and 
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that a better distribution over the jigs could be 
achieved by changing the apertures in the spider. 
After these improvements the cross speed could 


be further lowered by damming up the water by 
means of cams. 


Originally a large number of compartments 
was installed to give the finest cassiterite an 
opportunity to sink. The high cross speed in the 
last compartment will reduce this opportunity 
considerably or even remove it altogether. 


A decrease in velocity has its influence es- 
pecially on the recovery of the -65 mesh group 
as can be seen in Table I. 


These experiments prompted us to tty and 
achieve an increase of the flow width of the 
primary jigs in order to decrease the cross speed. 

Various dredges were furnished with Harz- and 
Billiton jigs. The surface of the compartment in 
which the pulsion-mechanism is installed occupies 
a great part of the total surface of these jigs. 

The existing movement of the pulsating 
equipment of the Billiton jigs on dredge Nr. X 
was replaced by a method in which pulsation is 
performed by a membrane, placed under the 
sieves of the jig (See fig. 3). A used truck-tire is 
applied for the flexible part of the device, a kind 


TABLE I 


Dredge Nr. 6 Secund. Port jig 


Ruoss-jig 


17th October 1954: 


83 cm/sec 
ECM: 


24th October 1954: 93 cm/sec 
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Starboard-jig 


Recovery Recovery 
65 mesh Speed — 65 mesh 
38 cm/sec 89.5 
+ 4.6 cm 
43 cm/sec 85.1 


+ 2.- cm 


536 


Cro0s5 sechron 


® Compertmenf lunralj17 


(7055 sechon 
Rerised‘ 8 compertment slunsl 19 


/ype Billiton. 


I 9022 | 


215/0n 


Fig. 3a 


of Bendalari system. New tires cannot be used as 
they are not sufficiently flexible. A very old tire, 
of which the canvas can be seen at the surface, 
decays too rapidly. In this way the part of the jig 
formerly used as pulsation compartment, could 
be added to the screen compartment, thus in- 
creasing the screen surface and the fiow width. 
With the Billiton jigs the increase of the screen 
surface was 16,7% to 27,5%. 

With the Harz jig, the plunger compartment 
can be added to the screen section by applying 
the change-over to the Ruoss system. The en- 
largement of the screen surface will be 100%. 

A very simple means of decreasing the load per 
square meter sieve-surface is the change over 
from wooden to iron grates. Rubber strips are 
then placed between the bars of the grates and 
the screen to prevent smashing-up of the screens 
on the iron bars. In a previous period, smashing 
up of the sieves was the reaon for a change-over 
from iron to wooden grates. Table II shows the 
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increase in useful sieve-surface resulting from 
the change-over from wooden to iron grates. 

The figures for the iron grates include the 
rubber strip inserted between gratebars and 
screen. 

The management considered the increase in 
flow-surface and width of the jigs of very high 
importance. Every three months a table had to 
be sent to the head-office at Billiton to check the 
periodical improvements on all the dredges. This 
table had to show the ratio: ideal quantity of 
cubic meter digging ground per hour to total 
widths of jigs. The aim was to reduce this ratio 
to below 20 (Table Ila). 

The decrease in cross-speed can also be ob- 
tained by damming-up. In the primary jigs this 
is done by placing cams at the end of the jigs. 
The outlet apertures have to be sufficiently large 
to allow the coarsest tailings to pass. In damming- 
up, the waterlayer becomes thicker and hence the 
cross-speed smaller. The ore-bed becomes some- 


TABLE II — COMPARISON BETWEEN WOODEN AND IRON GRATES 


surf. grate 


. ; in m? 
Dimensions 


compartment m? 


wood | iron 


| wood 


Screen surface occupied 
in perc. 


Increase in use- 
ful screensurf. 
by changing over 
from wooden to 
iron on % 


iron decrease 
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what thicker, which favours the catching of fine 


The recovery of the primary jigs can be in- 


the sand and gravel is displaced by the backwater 
vestigated within certain limits. It greatly depends 


cassiterite. The speed may become so small that 
and the incoming sand. 
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Before 1941 a concentrate of 10% to 30% 
and even a much higher percentage was extracted 


from the A. compartment of the primary jigs. 
The concentrated products from B, C and D went 


Secondary jigs 
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via a Frenier-pump to the middling jigs, from 
which the enriched outlets from the A and B 


compartmens, together with the concentrate from 


the A compartment of the primary jigs, were sent 
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The Frenier pumps were no success 
seadredges. The wear and tear was too heavy. 


The cleaning installation 


ashore for further cleaning. The products from 
mainly of a 2- 


the spigots of C and D of the middlings jigs 


went, via a pump and a thickener 
table. The tailing from the middling jig and from 


the table found their way as waste to the tailing 
dumps, whereas the table concentrates, often 


containing heavy minerals as zircon 
and ilmenite, went to the shore for a special 


cleaning process. 
capacity and the wear too was great. They were 


replaced by centrifugal 2” and 3” Pape san 


Wooden Frenier pumps were tried. They had less 
pumps. 
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TABLE III — RECOVERY PRIMARY JIGS 


| Dredge XVI | Dredge IX 


Upper layers, low in tin 

Average kaksa 
(In Billiton kaksa is the name for bottomlayers, 
usually richer in tin) 


Rich kaksa 


had merely to be cleaned with fresh water ashore 


to get rid of the salt water, and dried. 


As mentioned before, the primary jigs were 
exclusively regarded as roughers and classifiers. 
The following concentration to a product of over 
70% Sn took place in two steps, namely the 
secondary and tertiary treatment. 


The secondary jigs are sufficiently dimensioned 
to convert the poor concentrate from the primary 
jigs to a fairly clean concentrate. The job is not 
too heavy for these jigs, as their feed is pretty 
constant and classified. 


When discussing the primary jigs, the great 
importance of decreasing the cross-speed was 
stressed. Its influence can best be shown at the 
secondary jigs. Here the situation can be altered 
in a simple way by putting smaller spigot-plugs 
in the primary jigs or by using cyclones. 

Damming-up the water in the secondary jigs 
can be done by thin strips of wood, leaving a 
slit for sand discharge. It was also in the secondary 
step, that trapezium shaped jigs were used first. 
The surface of these jigs becomes wider towards 
the end of the jig. The tendency of the cross- 
speed to increase by the addition of back water 
towards the end of the jig is neutralised by the 
trapezium form. 


The cyclones, mentioned above among the 
means to decrease the cross-velocity, were destined 
to replace the original thickeners, which, in 
practice, only served as buffers. The cross-speed 
over the jigs behind these thickeners remained 
too high. The cyclones have to serve only for 
thickening purposes, i.e. for removing excess 
water. Besides they take up less space, which is 
of very great value on board a ship. The water 
from the overflow could be used as backwater in 
the jigs so that possible losses of cassiterite in 
the overflow of the cyclones got a chance of 
being cought. The size of these apparatuses was 
2” x 12”. In the future, cyclones may be used to 
dewater the feed for the primary jigs. Tests with 
a4” x 16” cyclone in the test-mine, where a 
dragline for excavation and a movable ore- 


70—80% 75—85% 
80—95% 85—97% 
9595 97—99,5% 


dressing plant were used, showed promising 
results. 


By all these factors the cross velocity over the 
jig could be reduced to 20 cm and 30 cm per sec. 


Tertiary jigs 


The tertiary jig takes care of the final up- 
grading and has to discard the heavy minerals. 
Normally, this task is not too heavy as the feed 
is a half-concentrate. There now is so much 
cassiterite, that not all of it is washed through the 
bed too easily. Hence a thin layer of cassiterite 
is formed in or on the bed, so that the other 
minerals practically get no chance of penetrating 
into the bed. However, this thin layer must not 
become so heavy that the working of the jig is 
diminished and the next compartment has to 
handle too much cassiterite. 


In the clean-up sections small concentrating 
tables, placed under the D or under the C and D 
compartments of the sec. and tert. jigs, keep a 
check on the operation of the preceding com- 
partments. A wide strip of concentrate on the 
table indicates a fault which has to be corrected. 


The flowsheets in fig. la, b, c, and d show 
the ways in which the problems were solved. The 
flow of ore could be varied according to the grade 
of the material to be handled. 


In case of a tertiary jig with four compartments 
receiving a poor feed, the A-compartment may be 
tapped clean and the B-compartment less clean. 
In case ofarich feed Aand Bmay be clean and C 
less clean. How the different situations must be 
handled has to be decided by the local ore dresser. 


THE DEVELOPMENT OF MECHANICAL ORE- 
DRESSING IN THE GRAVELPUMP MINES 


After world war II the open gravel pump 
mines, where the ground is loosened by monitors 
and then pumped by means of gravelpumps to 
the dressing plant, were changed into mechanical 
units. 
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Descalping Screens 


The material to be treated has to be freed from 
too coarse pieces of rock and sterile clay lumps. 
In order to do this, it had to pass a kind of fixed 
grizzly or sieve with apertures of 3/4” to 1”. 
This solution never worked satisfactorily. The 
oversize contained too much cassiterite and 
grasses and wood often clogged the openings. 

The sieve had to be watched continuously. The 
undersize contained too many big pieces of gravel. 
To remove this stuff from the bed of the follow- 
ing jig, a great cross-speed was necessary and the 
stroke of the jig had to be longer than was 
conducive to a proper recovery. 

For some time past a so called revolving top 
screen has been used. It is a vertically suspended 
conical revolving screen with its narrow end 
below and the wider, filling opening at the top. 


Its vertical axle is suspended in a bearing. The: 


feed falls from a launder tangentially into the 
screen and makes it revolve. The oversize passes 
through the length of the sieve and drops through 
the lower opening. The undersize passes through 
the 3/8” openings of the screen and reaches the 
jig. The screen very soon revolves so rapidly that 
the critical speed is reached and the oversize 
particles remain sticked to its inner wall. The 
screen has to be braked. The braking action is 
performed by a rubber strip, which at the same 
time cleans the inside of the trommel. 

The tin-losses in the oversize are 0,3% of all 
the tin caught in the process. 

After the installation of this screen, the jigs 
received a smaller sized feed with all its ad- 
vantages. 

Primary jig 

For the primary treatment of the alluvial ore in 
the gravel pump mines in Billiton the circular 
Lockhorst* jig is used, in which the principle of 
the increasing width of the pulp-stream towards 
the circumference of the jig is applied. The same 
principle plays a part in the trapezium jigs. 

From fig. 4 and 5 an impression can be gained 
of this apparatus. It has the advantage that it can 
be transported on a trailer, which is of importance 
in gravel pump mines in which the working 
fronts frequently move. 

The jig has eight compartments, namely two 
A-compartments, surrounding the central feedbox 
of the jig and six B-compartments, arranged 
around the two A-compartments. 

The pulsation is of the Ruoss type. Two 
membranes are fixed between an A and a B com- 


* The late Mr. J. Lockhorst was in charge of a group 
of open gravel pump mines and dredges in Billiton. 


partment (between A-1 and B-2 and between 
A-2 and B-5) and two membranes are fixed 
between two B compartments (between B-1 and 
B-6 and between B-3 and B-4). 

The large surface of the circular jig asks for 
much backwater. Every effort to keep the quanti- 
ty to be used within certain limits has to be made. 
Coarse pieces of rock in the jig-feed have to be 
avoided as these need stronger waterflows to be 
washed away from the bed. This increases the 
quantity of backwater to be used and the greater 
cross-speed causes losses of fine tin. It looks as 
if the revolving top-screen helped to solve the 


' problem. 


Overloading of the circular jig is of great 
influence on the recovery. Table No. IV gives a 
survey of the sampling-results of tests made on 
circular jigs with various quantities of load. 

In order to bring the influence of the load on 
the recovery more clearly to the fore, the various 
samplings are grouped according to the increasing 
quantity of ground moved. This can be deducted 
from the column "tailings per minute”, 

Thus the first group shows 500 kg per minute, 
the third 900 kg/min and group V 1200 kg/min. 

Although all these samplings hold good only 
for a very short time and moreover other influ- 
ences such as the tin content, the fineness of the 
ore and the character of the ground play a part, 
the tendency of the bad influence of overloading 
the jig may be observed, specially for the finer 
fractions. In groups IV and V half of the tin is 
lost. 

In mines, working in easy digging ground, the 
existing installation could readily pump more 
than 30 m? per hour. In this case two jigs have 
to be installed in crder to obtain a better 
recovery. 


Fig. 5a — Picture of the arrangement of the circular 
118. 
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Fig. 5 — Circular jig. 
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TABLE IV 
Recovery Ratio Tin  Tailings 
Date Mine +65 — 65 tot. 12655 6Se in or in Remarks 
Sn/min. kg/min. 
I. 
14 Oct. 1952 43-I 94.2 88.3 91.4 533 46.7 79 600) with two jigs 
1870, 1952 43-1 99.8 82.- 94.2 68.8 31.2 319 135) working 
PEN 1952 43-I 92.9 893 91.9 711 28.9 792 225) m3/hour 
12 Sept. 1953 SBIV 93.6 78.2 89.7 75.1 24.9 367 532 
195 1953 SBIV 989 83.3 95.3 76.9 D3A 407 363 
Wo 1953 SBIV 96.- 69.5 91.9 84.6 13.4 751 675 
27 March 1954 2A-II 92.- 80.- 89.- 75.4 24.6 107 475 
24 April 1954 30-1 98.1 79.1 95.- 83.9 16.1 644 188 
DAR 1954 30-11 99.3 80.2 96.4 84.7 15,3 813 194 
FRR N, 1954 2-1 98.5 88.9 97.1 85.4 14.6 1161 580 
IE 
3 Oct. 1952 43-I 97.8 70.- 85.6 56.1 43.9 288 700 ) 
PeeR 1952 43-1 95.2 83.6 893 49.6 50.4 325 790) vide above 
16 Sept. 1953 SBIV 93,7 68.- 89.5 83.4 16.6 700 707 
II. 
23 Nov. 1953 30-11 BY ER) 252 35.2 31.4 68.6 103 415 on half jig 
23 March 1954 40-Il 89.3 61.1 NT, 58.7 41.3 700 930 
DONE, 1954 2A-I 67.2 30.6 56.2 69.8 30.2 42 945 
27 April 1954 12-U 93.9 88.2 92.4 73.9 26.1 1307 955 
IV. 
19 Jan 1953 1-IKK 76.8 46.5 392 26.4 73.6 778 1100 
Vr 
18 Aug. 1952 30-IV 93.- 17.- 50.- 52.8 47.2 868 1915 
I 1952 30-1 96.3 53.4 76.- 43.5 56.5 156 1940 
23 Nov 1953 30-II 82.9 50.4 65.7 46.4 53.6 79 698 on half jig 
25 March 1954 2A-I 66.- 29.2 44.8 42.4 57.6 103 1210 


It was generally accepted that one circular jig 
should not get more than 25 tons of ground per 
hour. 

Sampling of a circular jig at a gravelpump 
mine was executed as follows. A sample of the 
tailing, is tapped from the circular tailinglaunder 


attached to the circumference of the jig. This 
material is collected and screened at 3 mm. A 2” 
sandpump sends the undersize from the screen 
via a2” x 12” cyclone to a full-sized shaking 
table. The concentrate of this table is concen- 
trated afterwards in the central ore-dressing plant 


TABLE V 
Prod. Tin losses Loss 
Date Ground Dug ground Running Dug ground in in in 

in m® hours per hour 100 kg 100 kg perc. 

7-12-56 to upper layers 10,780 192 56.15 28.19 0.72 2.49 
19-12-56 

20-12-56 to kaksa 2915 88 29.26 32.44 0.13 0.40 
26-12-56 

Alez to upper layers 12,000 305 39.34 15.84 0.38 2.34 

15- 1-57 to kaksa 3,000 132 22212. 21.66 0.09 0.43 
27- 1-57 

Ss a to upper layers 18,110 Dil 65.38 20 0.53 1.98 

23- 2-57 to kaksa 4,023 69 58.16 17.45 0.05 0.29 
28- 2-57 

= 2 to upper layers 12,629 266 47.50 18.24 0.39 2.14 

18- 3-57 to kaksa 7,454 185 40.30 44.18 0.16 0.36 


in Manggar and the quantity of cassiterite ob- 
tained is divided into various screen-classes in 
the laboratory, where the analyses are made. 

If possible, once a month the tap from the 
launder is shifted over 90 degrees of the circum- 
ference of the jig which must be installed as 
nearly horizontally as possible in order to com- 
pensate possible irregularities. 

Table V shows that the loss in percentage of 
the total quantity of tin contained in the feed is 
smaller in rich kaksa than in the poorer upper 
layers. 

Of samples taken during two of the periods, 
the grain size of the cassiterite in the tailing and 
in the product is shown in table No. VI. 
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the trapezium jigs is often so heavy that the 
water flows evenly across the partition between 
the A and the B compartment. Velocities of 20 to 
30 cm can be measured. Table No. VII shows 
some data. 


BED MATERIAL 


Instructions on the use of bed material were 
as follows: As bed material were used: 

a. cassiterite 

b. haematite. 
a. Ihe cassiterite is only used in the last concen- 
trating step. The function of this step is to enrich 
the preceding concentrate and if possible to make 


TABLE VI 
Mesh upper layers kaksa 
ADS ton 12-257 18-3-57 to 27-3-57 
Loss Product Loss Product 
+ 10 — 1.9 — 12 
SL — 3.6 0.6 2.6 
0 0.7 6.- 05 5.9 
+ 28 1.- 10.2 1.4 13.8 
+ 35 3.2 18.3 4.7 28.8 
271,48 4.- PN 39 24.2 
465 4.9 16.6 5.3 1A.- 
+ 100 10.5 125 6.2 72, 
+ 150 14.1 3.8 5.6 1.8 
—+ 200 15.- 02 11.9 0.4 
— 200 46.6 — 58.3 0.1 
Total 100.- 100. 100.- 100.- 
TABLE VI 
Date Mine +65 mesh —65 mesh Recovery Gr.Sn/min. 
in feed 
26- 5-52 30-IV 79.5 20.5 98.2 291.- : 
2148,52 1-I | 62.3 99.2 286.5 
10-12-52 30-II 59.9 30.1 99.2 66.5 
10-12-52 30-IH 39.9 60.1 98.5 26.5 
24- 4-53 30-II 83.8 16.2 99.5 612.- 
24- 4-54 30-11 84.7 193 99.3 780.- 
27- 4-54 2-I 86.6 13.4 99.7 1123.- 


The secondary jigs 


The clean-up of the concentrates extraced 
from the primary jigs in the gravel-pump mines 
is performed in one step only, namely in the 
secondary jigs. 

For this process the trapezium jig is usually 
applied (fig. IV). Recovery is 98% and more. 
Such a high recovery can be obtained practically 
everywhere by reducing the quantity of water 
and by damming up as much as possible in order 
to get a low cross velocity. The damming up with 


a clean concentrate with as few losses as possible. 
Cassiterite of 4 mm tot 9 mm and 9 mm to 12 
mm has the more adequate size and has a higher 
spec.gr. than haematite. 


b. The haematite with a sp.gr. of 4.5 to 5 is used 
in the primary jigs. These jigs have to furnish as 
poor a tailing as possible which usually means 
the delivery of a poor concentrate. For this task 
haematite is better suited than cassiterite, not to 
mention the high investment cost of the latter 


mineral. 
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Haematite is lighter than cassiterite so that in 
case coarse cassiterite occurs in the ore, the 
haematite only is lost. The haematite bed is 
lighter than the corresponding bed made of cas- 
siterite, so that a smaller stroke can be used and 
the pulsion becomes less strong. The haematite 
lies less compactly and affords a quicker passing 
of the concentrate. 


The haematite is prepared in the ore-dressing 
plant at Manggar and is made in two sizes. The 
grains are rounded off in a ball mill, so that a 
dead bed by entanglement of the grains of the 
bed is prevented. 


In the primary jigs of the dredges coarse 
haematite is used in the first two compartments. 
In the last two compartments coarse haematite is 
used covered by a thin layer of fine haematite in 
which the fine haematite serves to ıefuse the 
entrance of too much sand. 


In the secondary jigs, coarse haematite (quicker 
throughput) with a thin layer of fine (for refusal 
of the sand) is used in the first two compartments. 
In the last two compartments a thin layer of 
coarse haematite is used, the remainder consisting 
of fine haematite. 


In the tertiary jigs coarse cassiterite is used 
(4—9 mm) in the first two compartments, in the 
last two cassiterite with fine haematite. 


In the gravel-pump mines coarse haematite is 
used in the A-compartment of the circular jig; in 
the B-compartment the layer of coarse haematite 
thins out and the layer of fine haematite coarsens. 


In the trapezium jig, cassiterite of 4—9 mm is 
used in the A-compartment whilst in the B- 
compartment cassiterite and haematite are used 
fifty-fifty. 

In some open mines coarse cassiterite (J—12 
mm) is used in the A-compartment of the circular 
jig in cases where the incoming feed is too power- 
ful and the lighter haematite is forced out off the 
grate. 


These instructions have to be applied with 
sense. With much coarse cassiterite in the ore, the 
bed material in the secondary and tertiary jigs 
must be coarser. 
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LOCATION 

The bauxite mines of the N.V. Billiton 
Maatschappij Suriname (B.M.S.), a wholly own- 
ed subsidiary of the N.V. Billiton Maatschappij, 
The Hague, are situated in the flat coastal plain 
of Surinam (S.A.), some 20 miles south of the 
capital Paramaribo and 5 miles west of the 
Surinam river (fig. 1 and 2). 

The mining activities take place in one vast 
ore deposit under the former plantations On- 
verdacht, Welgedacht, Mocha, La Discorde, La 
Bonne Amite and Southern Altona, all owned 
by B.M.S. and situated on the left bank of the 
Para river, a tributary of the Surinam river 
(figs. 2 and 3). 

Ore is transported from the mines to the 
Surinam river by means of a railroad, normal 
gauge, running through the former plantations 
De Watering and Smalkalden, also owned by 
B.M.S. On the bank of the Surinam river, at 
Smalkalden, are located the railroad-terminal, 
the drying kilns, storage facilities for the dried 
bauxite and the ship loading installations. After 
having been dried, the bauxite is shipped in 
ocean-going vessels, carrying up to 16.000 tons 


per trip. 


1 Mining-engineer N.V. Billiton Maatschappij Suri- 


name, Surinam. f 


OCCURRENCE 


Unless bauxite occurs in deep underground 
deposits, nearly all of the world’s known bauxite 
is found directly on the surface or can be reached 
by simply removing a layer of overburden of 
varying thickness. 


The bauxite deposit of B.M.S. is of this type, 
but certain additional conditions, under which 
it is found, are rather unique. Not only is it 
covered by a thick layer of sterile clays, sands 
and swampsoils, but it is also located far below 
groundwater-level. 


This combination of features results in some 
particular problems, and is worth further ob- 
servation, 


The bauxite deposit, which is of a very high 
quality, consists of an irregularly undulating 
layer, varying in thickness from 3 to 15 meters, 
which, in northerly direction dips under in- 
creasing layers of overburden at a gradient of 
some 8°/9,0. At the eastern and western 
boundaries the deposit rapidly thins out down- 
wards, until it disappears completely. In the 
Southern part of the concession, in which mining 
was started in 1941, the thickness of the bauxite 
deposit averaged approximately 4 meters. About 
half a mile to the north the average thickness 
of the ore increased gradually to some 6 meters, 
and under the former plantation La Discorde, it 
starts to decrease again. 


Under La Discorde and also further north bau- 
xite is found in some drill holes. The bauxite is 
thin and the amount of overburden enormous. 
There is as yet no possibility of mining this 
area, which, for completeness’ sake is also shown 
in 0012: 

Under the ore a layer of kaolin is found. 
Drilling established the thickness of the kaolin 
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to be 5 to 10 meters. Below it, waterbearing coar- 
se sand is present, in some cases exerting a 
considerable pressure. 

Generally, the bauxite deposit is covered by 
a layer of hard clays, varying from 5 to 10 
meters and containing some lenses of coarse 
sand. In a northerly direction the layer of hard 
clay sinks with the bauxite under a complex 
of younger sediments. These younger sediments 
are mainly swamp areas and consist of very 
soft clays. In these swamps some higher spots 
are found, the so-called ”islands”, consisting of 
fines sands. Fig. 4 shows a cross section of part 
of the ore deposit from south to north, (shown 
in fig. 3 by a straight line). 

In addition the vertical cross section of fig. 5 
gives an idea about the ever returning pattern of 
swamps, surrounding the higher sandy islands. 

In several places the layer of hard clay is 
completely missing, the ore deposit there being 
covered by the soft swampclays only. 

In other areas we find buried swamps, inter- 
calated between the ore and overlying layers of 
fine sand. 

The irregularity of the younger sediments, in 
horizontal as well as in vertical sense, makes one 
think of the existence of tidal marshes in former 
times. 

Some 75 % of the ore deposit is covered by 
permanently waterlogged swamps, in which the 
vegetation consists mainly of waterplants; the 
remaining area consists of the above mentioned 
islands of fine sands, which are mostly covered 
by rather heavy secondary jungle. 

For clearness’ sake we shall in this article 
speak of Coropina clay, where older de- 
posits of hard clays and coarse sands are meant, 
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Fig. 2 — Situation of the bauxite mine, 


and of swampclay where more recent de- 
posits of soft clays, fine sand and peat are 
concerned. In both cases the designation "clay” 
is used, since the amount of sand is of little 
importance. It must, however, be borne in mind 
that "Coropina Clay” in this particular sense, 
does not in all cases cover the same type of soil 
that is designated as the "Coropina Series” in the 
geological literature of Surinam. In this particular 
case the designation ”Coropina clay” and 
"swampclay” are two names, that have gained 
acceptance in mining circles to indicate the 
difference in firmness only. Coropina clay is 
very firm and easy to stack; swampclay has 
practically no firmness and is extremely difficult 
to stack, therefore necessitating very gentle 
slopes.. 


ORE STRIPPING IN THE INITIAL PERIOD 
1941-1949 


Mining operations started in 1941 in the 
southeastern corner of the concession (fig. 3). 
The overburden. was about 5 meters thick and 
consisted of hard Coropina clay, intersected by 
some narrow swamp branches. 

A short study had indicated that a suitable 
machine for removing this overburden would 
be the walking dragline, because of its long 
range and low ground pressure. 

Although bauxite was at the time considered 
an all important raw material, it goes without 
saying that during the war there hardiy was any 
choice as far as purchasing equipment was con- 
cerned. Yet the Company succeeded in pur- 
chasing two new diesel powered Model 5-W 
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Fig. 3 — Detail map of the bauxite deposit. 
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Fig. 4 — South-North section of the deposit. 


Bucyrus Erie walking draglines with a boom- 
length of 125 feet and 5 Cu. Yard capacity 
buckets. This equipment proved to be quite 
capable to perform the job they were selected 
for. To lift the bauxite ore, two smaller 3 Cu. 
Yard capacity walking draglines were also pur- 
chased from the same manufacturer. 

At the start stripping was a rather simple 
operation. The first boxcut, made with the new 
5-W machines, was several hundreds of meters 
long. The overburden, thus removed, was dump- 
ed on the surface, outside the economical 
boundaries of the ore body. After having lifted 
the ore, a new cut was made, adjacent to the 
preceding one, the overburden being dumped 
in the mined-out first boxcut. Keeping the width 
of the cuts some 12 to 15 meters wide, strip 
after strip was removed in the same way. This 
type of stripping may well be compared with 
ordinary plowing, the furrows being 5 to 8 me- 
ters deep and more than 12 meters wide 
(fig. 6). 

As the ore was lying well below groundwater 
level, needless to say that every strip had to be 
kept dry by means of drainage pumps. To 
facilitate easy dewatering, a channel was always 
kept open between the newly stripped ore and 
the fill in the old cut. 

Whenever a soft spot on the surface was 
encountered, such as a swamp branch, on which 
the 5-W machine could not stand or work safely, 
this spot was first taken out and subsequentiy 
filled-in with hard clay from nearby. 

While mining was progressing north and east, 
the problem of piling the increasing amount of 
overburden grew to such an extent that after 
some years it became impossible to keep open 
the already mentioned dewatering channel. Now 
and then a ridge of ore had to be left behind, 
especially when drainage caused trouble owing to 


the fill — though really hard Coropina clay — 
getting soaked at its base and sliding back to- 
wards the ore face. 

By 1947, when thickness of the overburden 
was about 8 meters, it became clear that the 5 Cu. 
Yard draglines lacked sufficient capacity and 
range and could therefore in the near future not 
be expected to remain the backbone of stripping 
operations. Therefore an 11 Cu. Yard Bucyrus 
Erie Walking Dragline, having a 185 ft. long 
boom was ordered. A second machine of this 
type was subsequently purchased in 1951. 
(fig. 7). 

The operational weight of these 450-W drag- 
lines is around 600 tons against 200 tons for the 
5-Ws. Their groundpressure amounts to 0.7 kg/ 
cm? and they are powered by an 850 h.p. 
diesel engine. The crew consists of one Operator 
and one oiler per machine, per eight hour shift. 
From the beginning these costly machines were 
operated on a three shift basis. 

At first the larger draglines followed the 
same stripping methods as in the initial period. 
Reach and capacity were now greatly increased, 
resulting in a stepped up ore production. Cuts 
were widened to 20 and even 25 meters. The 
5 cub. yeard draglines were kept busy in the 
remaining shallow parts of the orefield. 


ORE STRIPPING BETWEEN 1950 AND 1959 


Very soon after 1950 most of the minefaces 
had reached the swamp areas in northern and 


eastern direction. Not only did the amount of 


swampclay to be handled increase, but so did 
the total thickness of the overburden. This meant 
that the old, simple method of stripping had to 
be abandoned. In front of the minefaces were 
now mainly vast swamp areas, most of them 
usually flooded, in which are situated the al- 
ready mentioned islands, composed of sand. 
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Fig. 6 — Stripping operations before 1949. 
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To prevent flooding of the mines, dikes are 
constructed between these islands by tractor- 
drawn scrapers. The area thus reclaimed is then 
pumped dry and mining can continue in much 
the same manner as described above. The swamp- 
clay is unsuitable for dike construction and 
therefore the sandy soil of the islands in the 
swamps is used for this purpose. Prior to taking 
cut the sand, the surface is cleared of trees and 
other vegetation by bulldozer. 

As mining progresses, care has to be taken 
well in advance that, as soon as the existing dike 
is reached, the next area is diked-in and drained. 
In this way, mining becomes a continuous oper- 
ation of first constructing the dikes, draining 
the impoldered area and then removing the 
overburden, after which the ore is lifted. 

The dikes made of firm, sandy material, prac- 
tically float on the soft swampclay. During con- 
struction they sink at a rather high rate into the 
soft swampclay, but this sinking gradually stops. 
The height of the new dike depends on the 
thickness and composition of the swampcaly 
below. They are therefore built to such a height, 
that care is taken of subsequent sinking, so that 
despite subsidence, the dike holds until the area 
has been mined-out. As a rule these dikes do not 
require any maintenance during their lifetime. 


Fig. 7 — Bucyrus-Erie walking dragline (capacity 
11 cu-yards). 


Once the mining activities had reached the 
swamp area, the 11 Cu. Yard, 450-W draglines 
had to be taken down to a bench level, roughly 
following the top of the hard Coropina clay. 
Even the low groundpressure of the 450-W ma- 
chines proved to be too high to allow them to 
safely operate on the surface of the soft, swamp- 
caly. With these deteriorating ground conditions 
came the additional problem that the slope of 
the overburden became increasingly longer, re- 
sulting in repeated slides. This means that the 
stripping draglines had to be operated at a safe 


‘distance from the edge of the pit. Operating 


these machines under such conditions consider- 
ably reduced the useful reach of the strippers. 
By taking down the machines to a level ap- 
proximately 8 meters above the orebody, the 
problem of insufficient reach into the old mine 
was entirely overcome. It became apparent, how- 
ever, that although bringing down the drag- 
lines to a lower level did solve the problem of 
insufficient reach, another problem presented 
itself, namely a decrease in hourly performance. 
This was the result of the draglines now having 
to work overhead, in some cases up to 8 meters. 

It is a well-known fact that this type of 
machine is not suitable for digging above the 
level of its fairlead. The increasing quantities of 
soft swampclay to be handled did not only mean 
more difficulties in digging operations, but de- 
manded even more care in dumping and piling 
the spoil in the worked-out areas. 


In front of the machines, working on bench 
level, repeated landslides took place, which 
seriousiy endangered normal progress. In the 
rear another threat existed, namely the sliding 
back of the spoil already dumped in the old 
mine. Swampclay cannot be easily piled and, as 
a rule, any pile of this material will rapidly 
subside. The drainage channels along the ore- 
body were often filled by these slides, so that 
dewatering became difficult. 


In order to prevent the spoil from sliding 
back, the old system of removing the overburden 
(see fig. 6) by depositing same in parallel 
ridges in the old mine was abandoned. 

The revised method of depositing the spoil in 
the old pits is shown schematically in fig. 8. 


Using. the available hard Coropina clay, a 
sturdy dike is built alongside the ore. Connecting 
this dike with that of the former cut, crossdikes 
are built every 40 to 50 meters, using Coropina 
clay. In the basin formed by these dikes, the soft 
swampclay is now dumped, thus reducing the 
tendency of this material to slide. Prior to con- 
struction of these dikes, slides extending 150 to 
200 meters often occurred in the old mine. 


FR 


Preparations for the next bench are made 
simultaneously with the stripping operation. 
Construction of the longitudinal dike can there- 
fore take place only 40 to 50 meters — often 
less — in advance of stripping. 

It will be clear from the above that for every 
ton of bauxite produced, several tons of over- 
burden have to be handled. Of primary im- 
portance therefore is a proper and efficient 
functioning of the organisation that deals with 
overburden removal. 

However, it became clear in 1953 that, even 
if all the available equipment were thrown in, 
overburden removal would present increasingly 
greater problems in the years to come, which 
would adversely affect ore production. The prin- 
cipal reasons that led to this conclusion were: 
a. Whereas the overburden became increasing- 

ly thicker, the thickness of the orebody re- 

mained practically unchanged. 

b. The hourly capacity of the draglines was 
decreasing, since these machines had to do 
overhead work part of the time. 

c. The nett yardage of overburden removal de- 
creased owing to the increasing amount of 
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rehandling work which became necessary 
when the spoil that had been dumped in the 
old mine, flowed back against the ore face. 

d. The present system of dumping overburden 
into the old mine by making dikes and 
basins required more time than the previous 
system, and therefore resulted in a decrease 
of hourly capacity. 

e. Ore-ridges often had to be sacrificed to help 
stop the flow of soft clay from the old mine. 
It must be remembered that the same costs 
for preparations and actual stripping had 
been incurred to bare these ore-ridges of 
overburden, only to leave them behind, act- 
ing as dikes. 

At short notice measures would have to be 
taken, not only to try to make good the threaten- 
ing reduction in ore production, but if possible 
to increase same. 

Because of the soft consistency of the swamp- 
clay, it was decided to introduce at short notice 
one of the oldest means of overburden removal, 
which is well-known in alluvial tin- and gold- 
mining, i.e. hydraulicking. 

In hydraulicking, the soft overburden is des- 
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Fig. 8 — Hydraulicking— and stripping operations since 1953. 
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integrated by means of powerful waterjets, and 
the resulting slurry is then pumped out and 
deposited in 'spoil areas’, located outside the ore 
boundaties. 

Many of these units, each consisting of a high 
pressure (100 p.s.i.) waterpump, powered by a 
200 H.P. electric motor and a slurry pump, 
coupled to a 170 H.P. electric motor, were in- 
stalled, with all necessary piping. To supply 
power for these units the powerhouse at the 
minesite was extended and its output increased 
by some 2000 kW. 

Each hydraulicking set required about 10m3 
of water per minute. To supply them, small 1-34 
cu.yard draglines were used to dig canals, link- 
ing the working sites with the Para River. These 
canals also served for draining excess ground- 
and rainwater, pumped out of the pits. 


The new hydraulicking sets were put into 
operation in those places, where gullies of soft 
swampclay appeared in the hard Coropina clay, 
i.e. where the swampclay was thickest. During 
the years after 1953 hydraulicking operations 
followed these gullies in northerly direction, 
removing the soft clay from these gullies as they 
went along. 


The material thus taken out was pumped to 
and deposited into spoil areas prepared in ad- 
vance outside of the ore boundaries. These spoil 
areas were principally useless swamps around 
which 3 to 4 meter high dikes had been built. 


The choice of hydraulicking to remove the 
soft swampclays proved to come up to expectat- 
ions and in a very short time started to pay off. 
Not only did the use of this new equipment re- 
duce the total amount of overburden that pre- 
viously had to be deposited in the worked-out 
pits, but it now also became possible to pump 
the soft swampclay, which had caused so many 
headaches in the past, outside the ore reserve 
area, where it could do no further harm. The 
nett hourly capacity of the 450-W machines 
was greatly increased and as a result ore pro- 
duction also rose. 


After removing these most troublesome parts 
of the overburden in the areas to be mined, 
further stripping proceeded as already mention- 
ed with the 450-W machines (fig. 8.). 


PLANNING FOR THE FUTURE 


Although the method of removing part of the 
overburden by hydraulicking was at this stage 
the best solution that would give the results 
desired within a short time, it was by no means 
certain that this method would also be the most 
economical solution for the future. For 
this reason a thorough study was started at the 


end of 1953, to try and find the best way of 
handling present and future problems of over- 
burden removal. In this study Billiton was join- 
ed by a group of Dutch consulting engineers. 

Numerous test drillings and soundings were 
made; research into the behaviour of subterranean 
and surface water was conducted and samples 
of soil were analysed by the Laboratory of Soil 
Mechanics at Delft, Holland. In this way a clear 
picture was obtained of the thickness, location 
and quality of the various types of soil that 
would be encountered in future mining. 

After gathering as much data as possible on 
future overburden conditions, a systematic in- 
vestigation as to the most favourable methods of 
removing that overburden was started. The 
prime objective of the system to be chosen, was 
doubling present ore-production, which meant a 
production figure of roughly 1-14 million tons 
of bauxite annually. At the same time the system 
to be adopted would have to allow for a further 
increase in ore-production. 

To the north of present mining activities, the 
orebody bifurcates into two branches, i.e. the 
Para mine, which roughly contains three quart- 
ers of the known ore reserves and the smaller 
Kankantrie mine containing the remainder. 

Up to the time the above mentioned in- 
vestigations were carried out, mining had pro- 
gressed more or less simultaneously following 
both branches of the ore reserves. 


To leave open the possibility of a further in- 
crease in future ore-production a system had to 
be developed, in which only one of the mines 
could be concentrated on, using the new me- 
thods of operation. This mine would then be 
required to furnish most of the annual pro- 
duction figure. 


Operations in the other mine would then be 
greatly reduced or even stopped until future 
extension of operations. Original plans called 
for concentrated efforts to develop the Para 
mine and reduced mining activities in the Kan- 
kantrie mine. This was planned in view of the 
average depth of overburden in the Para mine 
being only some 14 meters, against up to 18 
meters in the Kankantrie mine, at that moment. 


However, as more data became available 
through drilling and other tests, it soon became 
clear that conditions in the Para mine were con- 
siderably worse than in the Kankantrie mine. 
Down to 25-meter depth, very soft clay was 
found. From samples of this clay, sent to the 
Laboratory of Soil Mechanics, at Delft, it was 
established that only when given a slope of 
1:20, slides could be avoided. 

In connection with these findings it was de- 


cided to develop first a new system for the Kan- 
kantrie mine. Experiences thus gained, would 
be very useful to increase ore-production when 
work in the deeper and therefore more difficult 
Para mine would be started, also by introducing 
new methods. 

Numerous methods of earthmoving were now 
being studied. Since draglines had for years 
successfully been employed for this job, the 
purchase of a still larger machine than the 
Bucyrus-Erie 450-W was considered. The drag- 
line in mind would be of 25 to 35 cu.yard ca- 
pacity, with a boomlength of 250 feet. 

Besides the fact that this machine would have 
to work under adverse conditions, such as doing 
overhead work, the reach of even the largest 
dragline would be insufficient to prevent loss of 
ore, due to the spoil flowing back. Moreover, 
the 450-W machines were still in excellent con- 
dition after 5 and 3 years service, and therefore 
could still be put to good use removing the 8 to 
10-meter thick layer of Coropina clay and dump- 
ing it directly into the old pits. 

Apart from shovels with their limited reach, 
draglines may be considered the most economic- 
al machines for overburden removal. Cost per 
cubic yard handled is lower than with most 
other pieces of equipment that have to remove 
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dirt and transport it to some distant point. 

The 8 to 10 meter thick layer of Coropina 
clay is about 1/3 of the future total thickness of 
the overburden to be moved. The worked-out 
mines offer sufficient room to accommodate 
this firm type of soil, without any risk of its 
sliding back. 

Under normal conditions one 450-W machine 
can reach an hourly capacity of 250 cubic meters. 

If the estimated production in the Kankantrie 
mine was to be realised, the overburden to be 
removed would amount to some 800 cubic 
meters per hour. Therefore means had to be 
found to remove the upper 2/srds of the total 
overburden, consisting mainly of soft swamp- 
clays. The equipment to be selected for this 
job would have to perform at a rate of about 
550 cubic meters per hour and furthermore 
transport this material to some distant point. 


The choice fell on the bucket-wheel excavator 
with a combination of conveyor belts, to re- 
move and transport the overburden into the 
worked out parts of the mine, which are far 
enough from the working front. 

As this installation has been in operation only 
for a short time, it is not yet feasible to report 
about it. 
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CENTRE GULLY BARROW STOPING AT KAMATIVI TINMINES LIMITED 


J. W. M. BELLASIS I 


SUMMARY 


Pegmatite reefs cut across highly altered micaceous 
schists. The presence of clay seems gives rise to 
extremely dangerous hanging wall. 

After failure of varıous methods of stoping, appli- 
cation of barrow stoping with centre gully scraping 
is ın use. 


CONTENTS 
Io Introduction * re ER 
RL Application“. 2.7. Re A E52 
IE Procedure 2 5% a FA 


A. Stope preparation 
l. Cut track panels 
2. Cut raise gully 


= 


3. Cut barrow track 
4. Track laying 
5. Stope entrances 
B. Stoping 
C. Sweeping and reclamation 


ING TE SR EBENE SI 


I. INTRODUCTION 


Underground mining operations at Kamativi 
are carried out at present at depths varying from 
50 to 300 feet vertically below surface, on shall- 
ow dipping pegmatite reefs that vary in thickness 
from + 12 inches to 18 feet, and cut across 
the coutty rock which is generally a highly altered 
micaceous schist, having almost vertical planes 
of schistosity. In some areas the presence of clay 
seams, both steep and flat dipping, gives rise to 
extremely dangerous hanging wall conditions, 
particularly in oxidized ground levels. 

Initially, the use of face scraping methods with 
chock matt support proved unsuccessful in hang- 
ing control, and bad caving resulted. Secondly 
panel stoping with pillar and timber prop sup- 
port gave no better results. Finally the applica- 
tion of barrow stoping with centre gully scraping 
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and systematic pillar and timber prop support, 
supplemented with waste packing has given very 
satisfactory results, and is now the standard 
method of stoping on reef widths up to 8 feet. 
Its application is based on methods used on the 
Luipaards Vlei Gold Mine on the Witwatersrand 
Mining Field. 


II. APPLICATION 


The barrow is of welded construction, and 
comprises tipping body, chassis, two —16 inch 
diameter wheels, axle and castor, weighing 195 
lbs. and having a capacity of 5 cu.ft. It is run 
on stope tracks set at intervals of 20 feet. These 
tracks are made up from 9” x 115” timber 
planks. Ore is trammed from the face to the 
centre gully, (see plate no. II), where the tipping 
of the barrow is easily and quickly accomplished 
by giving the handles an upward jerk, thus un- 
balancing the tipping body, which pivots on the 
main axle. (see plate no. III). From here the 
central gully 14-ton capacity scraper, powered 
by a 30 h.p. electric winch, scrapes the ore to a 
stope box loading into 1-ton cars on the drive 
level below. (see plates IV and V). 


Il. PROCEDURE 


Where reef dips average between 15°—25°, 
development is generally carried out on levels 
100 ft. vertically apart. Raise connections are 
standardized at 300 ft. intervals on strike, de- 
pendent on payability. 

Scraper equipment is installed during raising. 


A. Stope preparation 


During raising the top of the reef is carried 
along the hanging wall of the raise. Raises are 
carried 8 ft. by 5 ft., except when reef widths 
are above 5 feet, when they are carried higher. 

After connection between levels, the raise is 
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Plate I — Straightening the stope face behind a line 
of pillars. 


ready for stope preparation, which is carried out 
in the following stages: 
1. Cut track panels — Figure 1 


10 Ft. top and bottom drive pillars and 6 ft. 
raise pillars are marked off with 18 ft. panels 
between pillars on both sides of the raise, and 
panels cut out to 20 feet from side of raise on 
reef width or minimum stope width of 30 inches. 

Timber props are installed, minimum dia- 
meter 8”, set on lines, 4 ft. apart on strike and 
dip. 

Raise pillars are cut to 6 ft. x 6 ft., and stope 
faces thereby established are straightened to a 
line 25 feet from centre line of raise. (see plate 
no. ]). 

2. Cut raise gully 

The scraper gully is cut in the footwall of the 
taise to a width of 5 ft. and a depth of 4 ft. 
below stope footwall. Some of this waste rock is 
sorted and packed between raise pillars. The ba- 
lance is hoisted and dumped. 


3. Cut barrow tracks 

These are cut on strike contour 4 ft. wide on 
the up dip side of each pillar, through to stope 
face. 

The depth of cutting should give a minimum 
head-room of 4° 6”. Waste footwalling is packet 
between track levels. 

4. Track laying 

Wooden barrow track is laid to within 5 feet 
of the stope face along each cutting, and a stop 
block fitted at the gully end to prevent overrun 
of the barrow. 


Plate II — Tramming with stope barrow from face 
to centre scraper gully. 
Note waste packing of rock from track cutting. 


5. stope entrances 

Service manways on stope width are cut each 
side of the raise on top and bottom levels, and 
the Ist track panel above the lower drive ad- 
vanced 5 feet beyond the stope face, to provide a 
free face for breaking. Stope preperation is now 
complete. 


B. Stoping — Figure 2 
Each stope face is divided into two parts, top 


and bottom. Each part is advanced separately, 
so that track cutting can be undertaken indepen- 


Plate III — Tipping ore from stope barrow into 
scraper gully. Note raise pillars and block fitted to 
prevent overrun of the barrow. 
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Plate IV — Scraper operating in stope gully. 


dently of face advance, and resultant waste rock 
packed in stoped out areas to prevent contamina- 
tion of ore going to mill. Tracks are kept to 
within 5 feet of stope face, and protected from 
blast by covering with broken ore to 8 feet 
from end of track. 

The procedure on cleaning after a blast is to 
clean along line of stope track up to the face 
first, using track extension planks. The stope 
face is then cleaned by hand lashing 18 feet up 
dip and 6 feet down dip. 

Stope faces are advanced in this manner to the 
next line of pillars. Stope pillars are sited 30 feet 
on strike, and 18 feet on dip and are cut to 6 ft. 
x 6 ft. in size. The procedure is the same as for 
the cutting of raise pillars. The stope face is re- 
established behind the line of pillars, and the 
sequence repeated. One of the main advantages of 
this system is that if for any reasons, such as 
dangerous ground or pinching or unpay reef, 
track headings can be carried and such ground 
left behind in large pillar blocks. Should condi- 
tions improve on strike, stope faces can eastly 
be re-established with the bad areas behind the 
face left well supported. 

With raises established at 300 feet intervals 
on strike, each gully serves 150 feet of stoping 
on strike. Should this distance be increased, it 


Plate V — Scraper loading into car on main drive 
level. Note tally board. 


becomes necessary to establish a new scraper 
gully by footwalling on dip in the stope. 


C. Sweeping and reclamation — Figure 3 


Sweepings generally carry higher values than 
average stope grade, and maximum recovery is 
therefore important. 

When an area has been stoped out, sweeping 
is put in hand, using water and wire brushes, 
retreating from the face backwards, followed by 
reclamation of all stope pillars that can be safely 
removed. At the same time all stope tracks are 
reclaimed for further use. 


IV. LABOUR 

Stoping is under the direct supervision of a 
European miner who may operate as many as 
three stope faces. Drilling is carried out by 
Africans, two to a jackhammer. Each stope face 
carries a timber gang of three Africans, who 
are responsible for prop support. A further gang 
of seven maintains track extension over several 
stopes in a section. The lashing- and tramming 
complement is calculated according to stope 
width at 9 tons per man. An African winch 
driver operates the gully scraper with the as- 
sistance of one signal man, An overal African 
stope boss boy completes the complement. 
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MILLING LOW GRADE TIN ORE AT KAMATIVI TIN MINES LIMITED 


C. J. A. VAN LUMMELt 


SUMMARY 
The concentration of cassiterite in the mill at Ka- 
mativi Tin Mines is described. Special attention is 
paid to the treatment on the Humphrey’s spirals. 
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INTRODUCTION 

The Kamativi Tin Mines concentration plant 
was originally designed in 1955 after some test 
work had been done at the Ore Research Laborat- 
ory of the Billiton Maatschappij in Arnhem, 

By 1957, however, important changes had 
become imperative and the plant was shut down 
for several months to effect them. Although 
these changes certainly brought about a big im- 
provement there still remained a lot of detail 
work to be done. It has taken more than 2 years 
to reach the stage where, as regards concentrat- 
ion, little further improvement is practicable, al- 
though there still remains a great deal to be 
done in the way of purely technical simpli- 
fication. 


FLOWSHEET 


When looking at the flow sheet (fig. 1) and 
reading the ‘Description relating to the flow- 
sheet, of the crushing- and concentration plant’ 
it will be noticed that the relatively coarse and 
fine fractions of the mill feed are treated in 
different circuits. 


— 2 mm - + 1 mm product 


The — 2 mm - + 1 mm product is run over a 
rougher jig and the preconcentrates are treated 


1 Mining engineer N.V. Billiton Maatschappij. 


in a cleaner jig. The circular rougher jig was 
originally designed to treat alluvial material, 
namely a very deluted pulp of long range feed. 
It is true its special qualities give no direct 
advantages for the present job but no more do 
they impede the work. 

Diagram (fig. 2) shows that tin recovery 
drops sharply for grains larger than 14 mesh. 
Consequently it does not seem expedient to 
increase capacity by coarser grinding. 

A separate partial flow sheet (fig. 3) shows 
how, originally, the cleaner jig tailings were 
tun over a second rougher. jig which made final 
tailings and preconcentrates. These were treat- 
ed on a small scavenger jig producing concen- 
trates and tails which were recirculated over the 
first cleaner jig. One of the first measures taken 
was tapping a lower grade concentrate from the 
scavenger jig, in other words, catching inter- 
grown particles, Of course, the overall grade of 
the final product declined in consequence there- 
of but recovery increased considerably. 

Later on, a ball mill was installed for re- 
grinding all of the first cleaner jig tailings. This, 
in its turn, increased the concentrate grade and 
moreover improved recovery while simplifying 
the circuit. The re-ground product is passed to 
the finer concentration circuit. 


— I mm producı 

The treatment of the — 1 mm product offers 
far more interesting features. It will be noted 
that spirals are used for rougher concentration. 
On the whole this was a complete success as the 
spirals, for the long range of the material to be 
treated, proved to yield a tin recovery which 
is at least as high as can be expected from 
shaking-tables. Moreover they are cheaper, do 
not wear out excessively when adequately rub- 
berlined and do not require classified feed for 
the range of feed suitable for them. Last but not 
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ROLLS PRODUCT 


PARTICLE SIZE 


least they have a bigger capacity ‘per unit and 
occupy far less room. As can be noted on dia- 
gram (fig. 2), however, tin recovery drops 
sharply around the 1 mm size and serious con- 
sideration is being given to using a slightly 
finer screen, or even better, a sieve-bend with 
a cut off at 0.8 mm or approximately 20 mesh 
Tyler. 

This does not constitute a major problem but 
more trouble is encountered in recovering the 
smallest grain sizes. As a matter of course, first 
of all, an attempt was made to improve the per- 
formance of the spiral itself. For this reason a 
study was made of a report available on the 
principle of the operation, namely the article 
by George W. Gleason in the Engineering and 
Mining Journal of March 1945. 
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Fig. 2 — Diagram tin recovery for different grain size. 


Although the spirals apparently do not seem 
to be very sensitive to varying conditions, it was 
found that tranquilliiy of the pulp stream 
running down the spiral is of great importance 
to the recovery of specially fine material. For 
instance, after spirals with worn out surfaces 
were replaced, clean wash water was introduced 
in the circuit and flat disks adopted instead of 
turned up ones, the tin content of the spiral 
tailing dropped considerably. The effect of a 
smooth surface on the flow of the pulp is ob- 
vious. The clean water prevented the frequent 
choking of valves and thus ensured a more 
regular wash water supply, while the flat disks 
avoided the formation of whirls against the rims 
of the turned up disks. Now all the ports could 
be opened slightly to catch clean concentrate, 
instead of tapping larger amounts through every 
other port. 

All the spirals were successively removed 
from the circuit in order to apply all the above 
alterations, and then replaced. For this reason it 
is difficult to determine the influence of each of 
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these alterations. Besides, the mill feed and, con- 
sequently, the spiral load was increased during 
the same period in which the alterations were 
effected. This also seems to have a favourable 
influence. 

A remarkable fact attracted the attention. No 
immediate improvement was noted after the 
complete replacement of the spirals, but gra- 
dually the tin content of the tailing dropped to 
eventually 90 % of the original content. This 
is attributed to the very smooth finish of the 
original rubber lining, which over a period of 
some months was ground to a slightly rougher 
surface. According to the above mentioned ar- 
tie by Mr. Gleason, the heavier particles are 
transported to the innerside of the spiral by 
a current running at the contact of pulp and 
spiral surface in a direction almost transverse to 
the general direction of the pulp. This current is 
supposedliy caused by the friction of the 
running pulp on the spiral surface and one can 
imagine that the phenomenon takes place to a 
lesser degree when the surface is too smooth. 

It may be that in the case of the low grade 
material treated in Kamativi containing very 
few heavy cassiterite grains, the surface of the 
initial rubber lining was too smooth. 

Whatever the reason, observably finer grained 
cassiterite than before was actually recovered. 
It has been found very difficult to establish 
exactly which size can be considered the limit, 
probably because much depends on the shape 
of the particle. It is, however, conceivable that 
the cassiterite grains which accumulate in the 
middlings, constitute the smallest size recover- 
able on the rougher spirals. If part of them 
could be taken out of the apparently occurring 
circulating load, the size of the recovered grains 
would again decrease. A trial was made to pass 
the middlings over a separate spiral instead of 
re-treating them after mixing with the fresh 
feed. Promising results were obtained and a 
trial run of longer duration will be made in order 
to establish the results in the long run. Finer 
tin has been recovered by this procedure than 
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Fig. 3 — Original flowsheet of the coarse section. 
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by other methods tried out up to now, including 
feeding of classified material on the spiral. 

Our experience has shown that, under existing 
conditions, spirals can be profitably used for 
recovering cassiterite grains between 0.3 mm 
and say 37 u. To ensure recovery of the small- 
est possible grains a steady flow should be main- 
tained. For instance, feed rates of pulp and 
wash water should be kept under strict control 
and obstructions causing whirls should be avoid- 
ed. Re-treating middling on a separate spiral 
instead of mixing them with fresh feed also 
seems to improve the recovery of the fine grains 
contained therein. 


The next step will be to prevent the loss of 
the undersized cassiterite grains in the spiral 
tailings. This can be accomplished only by 
separating them from the spiral feed. Both 
screening over a sieve bend and overflowing in 
cyclones have been tried but by these methods 
too much bulk was obtained, i.e. nearly 35 % of 
the total — 1 mm feed. However, as the grain 
size to be separated is now only half the previous 
size, the bulk of the overflow material will 
diminish correspopdingly and cycloning will be 
suitable. By-passing the spirals, the overflow 
will then be concentrated on tables. 


It is true that this overflow will still be far 
too much to be treated on the two shaking 
tables available at present but by re-cycloning 
the bulk will be reduced to an amount which 
can be concentrated economically. The under- 
flow of this last cyclone will certainly contain 
most of the recoverable tin but nevertheless 
small batches of the next smaller sizes will be 
treated on a test table to determine if the in- 
stallation of additional tables is justified 
economically. 


The flow sheet shows how the rougher spiral 
concentrates are retreated on cleaner spirals. It 
was soon noticed that the concentrate produced 
by the first ports of the rougher spiral contained 
more than 50 % of the total tin in concentrate 
and that the grade was higher than the grade 
of the eventual cleaner spiral concentrate. Con- 
sequently, the product of these ports was direct- 
ly fed to the final spiral concentrates pump, by- 
passing the cleaner spirals. 


These final spiral concentrates are first treated 
on a small jig, which produces at least 60 % of 
the overall production, by recovering all the 
coarser free cassiterite grains. Consequently, 
the jig tailings contain a mixture of coarse waste 
particles and fine cassiterite and waste, forming 
an adequately classified table feed. 


Originally the jig tailing was passed over one 


shaking table, but now it will be split into two 
products by cycloning so as to obtain suitable 
feed for both the original sand table and the 
newly installed slime table. 

Returning to the grains which are too small 
for the spirals, it has already been stated that 
these had to be separated before treatment of 
the — 1 mm material on the spiral. The flow sheet 
shows that the spiral feed is deslimed by pass- 
ing the material through 4 or 5 -12” cyclones 


. with the object of increasing the overflow of 


these cyclones sufficiently to take up all the, 
supposedly, — 37 u cassiterite grains. At least 
part of these grains have, of course, to be brought 
back into the circuit before any advantage can 
be booked. Therefore the most easily recover- 
able particles will be separated again by re- 
cycloning the overflow and as much as is feasible 
caught in the underflow. The product will be 
taken back to the table feed pump where it will 
be mixed with the jig tailing, classified, and fed 
to the two tables. As the only table formerly 
used for the jig tailings was very much under- 
loaded, it would be possible to treat a consider- 
able amount of the 12” cyclone overflow on the 
two tables available at present. As said before, 
the results obtained will indicate whether pro- 
curement of more tables is advisable. 

Now that there is a possibility of catching 
more fine tinstone, a better recovery can also 
be obtained from the re-ground material and, 
therefore consequently, it will be advantageous 
to re-grind the coarse table tailing. The slime 
table middling will be recirculated and the tail- 
ing discarded so as not to procure a continuously 
increasing circulating load. 

The measures taken for increasing the fine 
cassiterite recovery have certainly complicated 
the process. This does not seem to be in agree- 
ment with one of the obvious conditions for 
cheap milling, namely simplicity. Nevertheless 
it is noted that except for the ball mill, which 
certainly is profitable, and the second table, 
which still has to prove its worth, no additional 
equipment has been installed. For the rest, use 
has been made of existing pumps, which were 
no longer needed because of the simplified 
coarse ore treatment, and of a few cyclones. In- 
cidentally, several originally installed sand cones 
have also been replaced by cyclones which do 
not wear excessively if properly rubber-lined 
and which require very little supervision, 

Although each alteration by itself has account- 
ed for only a slight improvement in recovery, 
the combined results amount to a 10 % increase. 


During the time the alterations were effected 
the possibility of increasing the mill capacity 


was also considered. Here the bottle-neck ap- 
peared to be the 4° x 12’ shaking screen treat- 
ing the combined fresh feed and circulating 
load of partly crushed material. It was found 
that the 250% circulating load could be 
diminished considerably by decreasing the feed 
rate of the rolls while simultaneously tightening 
the tension springs. By these means less over- 
sized material was produced and the circulating 
load decreased. Luckily no increase of over- 
ground material seems to take place and the mill 
capacity went up from 25,000 sh. tons to 40,000 
sh. tons per month. 


Additional problems 


So far no mention has been made of additional 
problems as, for instance, the occurrence of 
Garnet and Tantalite-Niobite in the ore. At the 
time when no re-grinding took place, the garnet 
was for the greater part tapped from the sca- 
venger jig mentioned above, together with the 
intergrown cassiterite produced. A project for 
installing a wet magnetic separator in the circuit, 
before the ball mill, had to be abandoned be- 
cause of the extremely high cost of an apparatus 
of sufficient capacity. Consequently, most of 
the garnet is crushed in the ball mill and gets 
into the table middlings where it is occasionally 
tapped for bleeding the circuit. As this material 
contains a considerable amount of cassiterite, it 
has to be dried and treated on a dry magnetic 
separator. The non-magnetics are subsequently 
fed back on the table to recover the cassiterite. 


The Tantalite-Niobite and the rest of the 
Garnet eventually enter either the tin concen- 
trates or the tailings. The concentrates are passed 
dry through the above mentioned magnetic se- 
parator for cleaning, where the valuable Tantalite 
is partly recovered. The rest is smelted with the 
cassiterite and eventually comes into the slags. 
The magnetics contained in the tailings are lost. 


As the Ta-content of the mill feed is too low 
to be determined by analysis, nothing is known 
about the actual Ta-recovery in the mill; a very 
rough estimate points to around 50 %. The fine 
concentrates contain much more Tantalite than 
the coarse ones, either because, generally, the 
original size is small or because it is more friable 
than cassiterite or for both reasons. Besides, the 
specific gravity of the Ta-Nb combination is 
somewhat lower than the specific gravity of 
cassiterite. These factors explain the lower re- 
covery and render it probable that the improve- 
ment of Ta-recovery will be relatively higher 
when more fine cassiterite is recovered. 


Perhaps this general description may give an 
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insight into the problems confronting the con- 
centration of low grade pegmatite tin ore. 


DESCRIPTION RELATING TO THE 
FLOWSHEET OF THE CRUSHING — AND 
CONCENTRATION PLANT, KAMATIVI TIN 
MINES LTD. 


Crushing and screening — The run of mine- 
ore is dumped in a primary gyratory crusher (I) 
and the — 10” broken material loaded onto a 
stockpile (II) by stacker belt (1). From there 
the ore is conveyed to 2 jaw crushers (III) by 
conveyor belt (1°), broken to — 4” size and 
conveyed to 2 - 4 x 12’ double deck shaking 
screens (IV) by belt (2), to be screened in 3 
fractions. The+3/g” size andthe + 2mm.—?/,” 
size are respectively dumped into surge bins 
(V) by belts (3) and (4). The coarser size is 
further broken by a cone crusher (VI) and the 
finer size by 2 rolls (VII) whereafter the two 
products are taken to conveyor belt (5) by the 
transverse belts (6) and (7) respectively. Belt 
(5) takes its load back to the same double deck 
screens (IV). 


The third — 2 mm screen fraction constitutes 
the concentration plant feed. 


Concentration plann — To begin with the 
concentration plant feed is divided into two 
fractions by passing it over a 5’ x 10’ shaking 
screen (VIII) with 1 mm. openings. The finer 
fraction is then cycloned to procure an inter- 
mediate product containing the +37 u cassiter- 
ite grains and a finer fraction with the rest of 
the tin stone. 


The + 1 mm. fraction is concentrat- 
ed on a circular jig (A) yielding a final tailing 
and a pre-concentrate. The former is taken to the 
24” cyclone (a) by pump (10) to be de- 
watered before reaching the combined tailing 
pump sump (11). The thickened pulp goes to 
the tailing dump and the overflow to the return 
water tank via pump (12). The circular jig 
pre-concentrate is taken to a 24” x 36” 2 com- 
partment cleaner jig (B), via pump (1) and a 
12” dewatering cyclone (b), which again pro- 
duces return water. The cleaner jig gives a final 
concentrate and a tailing containing intergrown 
material which, after having been thickened in 
a 4° cone (X), is ground in a 3° x 5’ ball mill 
(IX). Pump (3) delivers the ball mill product 
to a 12” cyclone (c) in the intermediate sized 
circuit. 


The — 1 mm product is pumped to top 
tank (XI) by pump (2) and subsequently fed 
to 4 or 5 - 12” cyclones (d). The cyclone over- 
flow represents the finest fraction to be treated 
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and the underflow is fed to a battery of 16 
rougher spirals (C) together with the reground 
product from the ball mill. 

The four rougher spiral products are: final 
tailings, middlings, pre-concentrates and special- 
ly rich concentrates from the first spiral ports. 

The tailings are pumped to a 24” cyclone (e) 
by pump (9), the underflow goes to the com- 
bined tailings pump sump (11) and the over- 
flow to a 50’ Dorr tank (X). 

The middlings go through pump (4) and 12” 
cyclone (f) to 2 middling spirals (D) which 
again deliver tailings (returned to the middle 
size circuit by pump (3)), middlings (to cleaner 
spirals (E) via pump (5) and concentrates (to 
cleaner spiral concentrate pump (6)). 

The normal rougher spiral concentrates are 
taken to 3 cleaner spirals (E) by pump (5) 
together with the middling spiral concentrate. 

The rich concentrates finally are fed to pump 
(6) to be taken directly to jig (F) by-passing 
the cleaner spirals. 

The cleaner spirals produce tailings (return- 
ed to middling spirals (D) via pump (4)) and 
second pre-concentrates. The latter go to sump 
(6) and are pumped to a 5” dewatering cyclone 
(g), together with the middling spiral concen- 
trate. The underflow is treated on a 3 compart- 
ment 12” x 18” jig (F) and the overflow is 
combined with the tailings of that jig. 

The jig produces final concentrates and a 
tailing containing fine cassiterite and relatively 


coarse waste. This tailing goes to a 5” cyclone 
via pump (7). The underflow is fed to a sand 
table (G) and the overflow is dewatered in 
another 5” cyclone (i) and fed on a slime 
table (H). 

The sand table procures final concentrates 
and a middling which is taken to the ball mill 
by pump (13). (Part of the middling con- 
tains 'garnet' and is taken off separately. The 
garnet is recovered by a magnetic separator and 
the non-magnetics fed back to the mill). 

The slime table delivers concentrates, midd- 
lings to pump (13) and final tailings to pump 
au 

The finest product (overflow of 
cyclones (d)) is re-cycloned in a 24” cyclone 
(j) to get rid of some water and of an excess 
of material containing cassiterite which is too 
fine to be recovered anyway. The underflow is 
pumped to an 8° cone (XII) by pump (8). 
The cone underflow finally reaches the tables 
via pump (6) together with the overflow of 
cyclones (c) and (f), which are also delivered 
to the 8° cone. 

Cyclone (j) overflow flows in the Dorr tank. 
The deposited material goes to the combined 
tailings pump sump (11) via Dorco pump 
(XIV). . 

The overflowing water is passed to return 
water pump (12), which also receives the over- 
flow from 8° cone (XIII), 4 cone (X) and 
cyclones (a), (b) and (i). 


f 
= 15 ui 


GEOLOGISCH EN MIINBOUWKUNDIG NIEUWS 


PRODUKTIEGEGEVENS STEENKOLEN E.G.K.S. 


Produktie (1000 t.) 
eerste 31 weken 1960 
1959 


Aantal arbeiders o.g. (1000 arb.) 
7—8 1960 
9—8 1959 


Prestatie o.g. (kg) 
7—8 1960 
9—8 1959 


Voorraden (1000 t.) \ 
7212 
7.163 


7—8 1960 
31—8 1959 
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De standvastige tinnen soldaat, door Mr. A. F. 
Kamp!. 

On the occasion of the Centenary of the N.V. 
Billiton Maatschappij, The Hague, Mr. A. E. 
Kamp has written a commemorative book 
entitled: De standvastige tinnen soldaat (The 
steadfast tin soldier). 


After an account of the captivating initial period of 
the company’s existence, the chapter ”Ore winning” 
gives, in addition to a very general description of the 
genesis, exploitation, and treatment of tin ores, an 
outline of the company’s sociological development in 
its relations with its Chinese, native and European 
personnel. 


Among the splendid photos of Billiton there are also 
some pictures of Singkep. The Singkep tin mining 
Property was purchased from the owners by the Bil- 
liton Maatschappij in 1933. 

After the photographic commentary on Southern 
Rhodesia and tin mining in Kamativi fellowing the 
texts on Billiton and Singkep, the smelting of tin as 
carried out in the smelter of N.V. Hollandsche Metal- 
lurgische Bedrijven, Arnhem, is shown in pictures. For 
a long time smelting took place on Billiton, next in 
Singapore and finally in Arnhem. In 1941 the tin 
smelter on the Gulf Coast, Texas, U.S., was constructed 
under the management of the Billiton Maatschappij. 


This management was terminated in 1957. 


The author next discusses the aspects of the ore- and 
tintrade, which have been greatly influenced, during 


1 Not for sale. | 
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the course of the years, by international agreements. 

In addition to tin, bauxite, a mineral aggregate 
mined as starting material of aluminium production, 
has started to play an important part. A great number 
of photos with extensive comments give an impression 
of the bauxite mining operations on Bintan (Indonesia) 
and in Surinam. Some production figures are given. 
Surinam’s importance as a bauxite supplier, with her 
very up-to-date, young operations is brought to the 
fore. 

In conclusion attention is paid to the Company’s 
attempts to expand its field of interests. The urge for 
expansion in the last decades is marked by three datum 
dates: 

1930: explorations in Africa: conclusion: no pos- 
sibilities for largescale tin mining activities. Strong 
expansion in the Dutch East Indies: tin mining on 
Singkep, bauxite mining on Bintan. 

1940: Asahan project: bauxite-alumina-aluminium. 
Possibilities for nickel mining on Celebes examined. 
Gold in New Guinea and South Bantam. Bauxite 
mining in Surinam. Longhorn tin smelter in Texas, 
US. 

1950: Southern Rhodesia (Kamativi): tin. Explora- 
tions in Canada. Mining of pyrochlore ores and oper- 
ation of pilot plant in Tanganyika by Mbeya Explor- 
ation Company Ltd. a joint venture of Billiton Maat- 
schappij (70%) and Colonical Development Corpora- 
tion, London (30%). 

1950—1960: Participations in chemical industries. 

The photographic coverage closes with some pictures 
of the Company’s head office, 19, Louis Couperus- 
plein, The Hague. 
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Een bijdrage tot de kennis van de bodem van 
Schouwen-Duiveland en Tholen naar de toe- 
stand voor 1953, met Summary door S. F. Kui- 
pers (Verslagen van landbouwkundige onder- 
zoekingen no. 65.7), ook in Mededelingen van 
de Stichting voor Bodemkartering "De bodem- 
kartering van Nederland” deel XIX, 192 blz., 
8 bijlagen, Wageningen 1960. Prijs f 9.75. 

In 1953 stelt Edelman in een artikel in dit tijd- 
schrift (De sub-atlantische transgressie langs de neder- 
landse kust) o.m. de verschijning van een studie van 
Kuipers over Schouwen-Duiveland en Tholen in het 
vooruitzicht. Hierbij werd reeds genoemd het bijzon- 
. dere karakter dat de subatlantische ontwikkeling van 
Schouwen speciaal bezit. Wij mogen thans dus ver- 
heugd zijn met de verschijning van de kaarten, toelich- 
ting bij deze kaarten en de bodemkundige studie die 
Kuipers heeft gemaakt en op welk werk hij aan de 
Landbouwhogeschool te Wageningen is gepromoveerd. 
De publikatie heeft door allerlei oorzaken lang op zich 
laten wachten en daaruit is ook de titel van dit werk 
te velklaren. Immers had dit verslag kort na de veld- 
opname, tussen 1945 en 1948, kunnen verschijnen dan 
zou er geen aanleiding geweest ziin om de bodemkun- 
dige toestand van vöör een bepaald tijdstip te beschrij- 
ven. Thans met het jaar van de ramp, 1953, tussen de 
tijd van veldstudie en het moment van publikatie zijn 
er voldoende redenen om de bodemkundige gesteldheid 
te beschrijven zoals die vöör 1953 was; de bodemkun- 
dige gesteldheid is hiermee dus tot historie gemaakt. 

De inundaties van het laatste oorlogsjaar en zelfs de 
veel rigoureuzere ramp hebben echter, behalve voor de 
verloren gegane gebieden, uiteindelijk betrekkelijk wei- 
nig invloed gehad; eerst grote veranderingen zijn echter 
opgetreden door de herverkavelingen van de beide 
eilanden. Toch meent de auteur, dat de bodemkaart 
die tussen 1945 en 1948 werd opgenomen; niet alleen 
een historische waarde heeft, omdat de profielbouw niet 
principieel is veranderd. Dit wekt enige verwondering 
omdat bij alle cultuurtechnische maatregelen, die bij de 
herverkaveling genomen moesten worden, juist de bo- 
venlaag wordt aangesproken en een bodemkaartering 
zich in hoofdzaak bepaalt tot het in kaart brengen van 
de bodemgesteldheid tot 1.20 m diepte. Een ieder, die 
in de jaren na 1953 het aantal draglines aan het werk 
zag, zal zich verwonderen dat er toch nog niet meer 
veranderd schijnt te zijn. Het is daarom jammer dat 
de toch nog waarde hebbende bodemkaart een vereen- 
voudigd oud en niet het nieuwe wegennet als basis 
heeft. 

Bijna de helft van het aantal pagina’s, nl. het hoofd- 
stuk over de wordingsgeschiedenis van de beide eilan- 
den is gewijd aan de geogenese van de eilanden, die 
niet afzonderlijk maar, terecht, als &&n gebied behan- 
deld worden. Dit geologische hoofdstuk wordt voor 
vijft zesde deel door onze jongste formatie de Jonge 
Zeeklei ingenomen. Toch neemt ook al reeds in de tijd 
vöör de afzetting van de Jonge Zeeklei, i.c. Atlanticum 
en Subboreaal, Schouwen een aparte plaats in in het 
Nederlandse gebied. 

Kenmerkend voor Schouwen is de zeer ondiepe lig- 
ging van de bovenkant van de Oude Zeeklei. In de pol- 
der Laag Schouwen, het lage gebied halverwege Zie- 
rikzee en de duinen, komt de Oude Zeeklei dicht on- 
der de oppervlakte voor, slechts afgedekt door enkele 
decimeters veelal venige Jonge Zeeklei. In het weste- 
lijk deel van Schouwen ligt de bovenkant van de Oude 
Zeeklei op minder dan 2.5 m — NAP. Alleen in de 
noordelijke helft van Walcheren kennen we plaatselijk 
een nog hogere ligging, 1m — NAP. Laag Schouwen 
wordt op de bodemkundige overzichtskaart als oude 
zeekleigrond aangegeven. Het is verwonderlijk dat een 


bodemkundige kaart een enkele decimeters dikke af- 
dekking met Jonge Zeeklei verwaarloost en dit gebied 
als Oude Zeekleigronden op de kaart aangeeft, en dat de 
geologische kaart, en ook de proefdruk van de nieuwe 
geologische kaart, hier een profieltype met afzettingen 
van Duinkerken (Jonge Zeeklei) aangeeft. Men zou 
het andersom 'verwachten; een enkele decimeters dik 
dek van Jonge Zeeklei lijkt in een kaart, die tot 12 dm 
dikte reikt, te veel om te verwaarlozen. Geologisch ge- 
zien geeft echter deze bodemkaart een fraai beeld van 
de relatief hoog gelegen Oude Zeeklei waar de jon- 
gere afzettingen tegenaan liggen en er met jonge 
kreekruggen tegen doodlopen. Kxipers kiest in zijn 
zoeken naar de oorzaak van de relatief hogere ligging 
van de Oude Zeeklei (4 m hoger dan op Tholen!) het 
in de richting van een verschil in ouderdom. De oude 
zeeklei zou in het westelijk deel van Schouwen jonger 
zijn. Het verband tussen ligging bovenkant Oude Zee- 
klei en gemiddeld zeeniveau leidt middels de door 
Bennema geconstrueerde curve voor de zeespiegelstij- 
ging in West-Nederland, tot een datering van om- 
streeks 1200 v. Chr., dat is dus gelijktijdig met de 
subboreale (= Cardium-) transgressie in nabij gelegen 
gebieden. Dit is echter een te belangrijk punt om dit 
zonder nader veen-onderzoek (pollen of C 14) te mo- 
gen stellen. De Oude Zeeklei werd buiten Laag Schou- 
wen, in het bestudeerde gebied bij de geregelde opna- 
me, die tot 1.20 m reikte niet aangeboord. Aan de 
hand van het voorkomen van de hoog gelegen Oude 
Zeeklei op Schouwen en Walcheren en het voorkomen 
van kalkrijke zandige afzettingen tot ver oostelijk lo- 
caliseert Kuipers de loop van de Schelde voor wat het 
westelijk deel betreft op de plaats van de huidige Ooster 
Schelde. Een oude strandwal in NW-ZO richting nabjij 
Haamstede wijst ook in die richting. 

Een gedetailleerde beschouwing wordt gewijd aan de 
verschillende transgressiefazen van de Jonge Zeeklei, 
de aan de oppervlakte liggende jongste holocene af- 
zetting. Het nogal ingewikkelde gebeuren van erosie 
en sedimentatie, dat zich bij de verschillende fazen af- 
speelde, wordt aan de hand van talrijke kaartjes toege- 
licht. Toevoeging van enkele profieltekeningen zouden 
de sedimentatiegeschiedenis echter wel verduidelijkt 
hebben. 

Opvallend is op de bodemkundige overzichtskaart 
van Schouwen-Duiveland (bijlage 1) het fraaie patroon 
van inbraken in het noordoostelijk deel van de polder 
Schouwen; inbraken vanuit de Gouwe lopen hier in 
zuidwestelijke richting in het oorspronkelijke veenge- 
bied (thans door moernering verdwenen) dood. 

In een hoofdstuk over de kwel komen interessante 
waarnemingen voor iedere polder-toerist. voor. 

Dijkdoorbraken en dijkvallen blijken op plaatsen 
met een bepaald lithologisch profiel voor te komen. 

De gedetailleerde bodemkaart van Schouwen-Duive- 
land en Tholen door Kxipers gemaakt is vertegenwoor- 
digd door alleen de legenda, die 93 onderscheidingen 
met 33 toevoegingen bevat. Daarvoor in de plaats is 
volstaan met de fraai uitgevoerde en overzichtelijke 
overzichtskaart op schaal 1:50.000 voorzien van een 
legenda met 20 onderscheidingen en 3 toevoegingen. 
De kaart dankt veel aan de eenvoudig gehouden topo- 
grafie: alleen dijken, wegen en plaatsen vormen de 
basis. 

Naast de hoofdstukken waaruit hierboven enkele 
feiten vermeld zijn, zijn hoofdstukken over de resulta- 
ten van laboratoriumonderzoek, proefoogsten en verge- 
lijking tussen bodem- en pachtwaardekaarten opgeno- 
men. 

Voor hen die geinteresseerd zijn in de jongste geolo- 
gische geschiedenis van ons zuidwestelijk eilandenge- 
bied staat er in dit werk veel te lezen. J. D.de]J. 


The Sea off Southern California, a modern 
habitat of petroleum, by K. OÖ. Emery. John 
Wiley & Sons, New York-London. Price $ 12.50. 


The submerged area off southern California, situated 
between coast and continental slope is unique in 
several respects. This continental borderland is a 
checkerboardlike arrangement of high and low areas 
elongated SE-NW to E-W, more or less parallel to 
the trends of the nearby land. Some of the topographic 
highs form islands, others rise almost to sea-level con- 
stituting flat-topped banks. Bordering these high areas 
are many closed basins and open flatfloored troughs 
partly of abyssal depths. This complexity has resulted 
in a concentration of environments of such varied 
nature that elsewhere in the world it would require 
long cruises to visit them. Therefore this area might 
be regarded, within its limits, as a useful model for 
testing many ideas about oceanic processes. 

In many respects the present sea-floor basins are 
similar to the ancestral forms of several basins inland 
southern California, which have become filled with 
sediments and are now rich oil-producing areas. Such 
similarities were already recognized in the thirties for 
the organic matter, for foraminiferal ecology and for 
the structural geology. One of the reasons for choosing 
this area for study and compilation is that its basic 
environmental factors might be related to the general 
problem of origin and accumulation of petroleum. 

From the more than 2,500 scientific articles on the 
sea-floor, the water and the marine life off California 
and from his own research in this area, K. ©. Emery 
has written a lucid synthesis comprising the physio- 
graphy, geology, geophysics, oceanography, life and 
economic aspects of this submerged area. An extensive 
list of references and a coloured map 1: 500,000 
showing the relations of land and submarine topo- 
graphy are added. Mutual relationships of the many 
aspects are discussed against the background of exist- 
ing theories and data from other areas. The way in 
which the author has discussed the geological aspects 
of the area is such that the book is almost a modern 
reference text on marine geology. However, the 
attractive sub-title of the book, ”A Modern Habitat of 
Petroleum” is an over-statement, in the light of the 
evidence brought forward in respect to the origin and 
accumulation of oil. Interesting for palaeontologists 
are some conclusions on the controlling factors of the 
distribution of animals. For instance, ”the animals on 
the shelves, unlike those of the intertidal area, exhibit 
little zonation by simple depth, except in depths of 
only a few tens of metres. Instead the chief control 
appears to be that of bottom material, important factors 
being grain size and content of organic matter”. From 
the finding that in modern sediments of San Pedro 
Bay about half of the foraminiferal tests consists of 
reworked fossils of Miocene to Pleistocene age, the 
author warns against too easy an acceptance of fora- 
miniferal tests as indicative of the environmental con- 
ditions at any site of sampling. 

In the chapter ”Sediments”, organic matter and the 
origin of petroleum are also discussed. Old and recent 
work on chemical properties and organic constituents 
of modern sediments is summarized, whereby reference 
is made to the author’s study on pigments and hydro- 
carbons in the sediments of the area. The sediments 
now being deposited in the present near-shore basins 
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are shown to be similar to those of the inland basins, 
the Los Angeles basin for instance, which produces 
some 100 million barrels of oil per year. 

It is somewhat surprising that information is lack- 
ing on the composition of the organic matter if 
analyzed by palynological methods. Hence it is not 
mentioned how far resistant terrigenous organic 
material is transported into the sea of southern Cali- 
fornia and where the supply by marine planktonic 
organisms becomes noticeable. Such information is 
very important in connection with the problem of the 
nature of the source material for oil. Recent authors 
point out that fats and lipoids but not the resistant 
skeletal organic structures of higher plants (such as 
lignin) are the most probable source material. There- 
fore, this omission is to be regretted. 

Emetry’s book is of outstanding quality both by the 
subjects treated and by the pleasant and lucid style in 
which it is written. Hence, it is highly recommended, 
not only to those who want to occupy themselves with 
the subject area but to everyone who is interested in 
modern marine geology. 


The subject index is not very detailed; this might 
be eventually improved in a second edition. 


W.G.A. 


Bodenkunde, von Fr. Scheffer und P. Schacht- 
schabel. Fünfte umgearb. u. ern. Aufl. xi + 
332 S. mit 65 Abb., 69 Tab. u 1 Farbtafel. 
(Lehrbuch der Agrikulturchemie und Boden- 
kunde, 1. Teil.) Ferd. Enke Verlag, Stuttgart 
1960, Prijs ing. DM 32,—, geb. DM 35,50. 


Uit een vergelijking van deze 5e druk met de 3e en 
4e (Geol. en Mijnb. 14, 1952, 398 en 18, 1956, 174) 
blijkt op indrukwekkende wijze de vooruitgang van de 
bodemkundige wetenschap. Tal van recente onderzoe- 
kingen hebben aanzienlijke wijzigingen in de tekst ten 
gevolge gehad. 


De indeling in hoofdstukken is in hoofdzaak de- 
zelfde gebleven, maar de betiteling is gewijzigd. Wat 
in vorige drukken "Faktoren der Bodenfruchtbarkeit” 
heette, wordt thans terecht aangeduid als "Eigenschaf- 
ten des Bodens”. 


Het grootste deel van het boek is gebaseerd op de 
internationale literatuur en mag dan ook aanspraak 
maken op de aanduiding: algemeen. De slothoofdstuk- 
ken echter betreffen de gronden van Midden-Europa, 
gezien vanuit de middeneuropese literatuur. Het stre- 
ven van de bodemkundigen in de Ver. Staten, Cana- 
da, Verenigd Koninkrijk, Nederland, Belgie, Frank- 
rijk, Portugal, Australi@ en Nieuw-Zeeland, om te ge- 
raken tot een internationale inventarisatie en classifi- 
catie van de gronden van de zes continenten, blijkt dan 
ook geenszins uit deze hoofdstukken. Stelt men zich op 
een beperkt standpunt, dan kan men ook voor deze 
hoofdstukken wel waardering hebben. 

Alles tezamen is de nieuwe druk van Scheffer- 
Schachtschabel van een uitstekende kwaliteit. Ieder, die 
zijn kennis van de bodemkunde wil uitbreiden, zal er 
met voordeel in studeren. 

C. H. Edelman 
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in het gebouw der N.V. Bataafsche Internationale 
Petroleum Maatschappij — Carel van Bijlandt- 
laan 30 te Den Haag. 


Aanvang 20 uur 


Voordrachten over het Dollard-Eemsestuarium. 


Dr. J. H. van Voorthuysen: 


Örganisatie en Ecologie. 


Dr. L. M. J. U. van Straaten: 


Sediment en Sedimenttransport 


De secretaris, H. M. Harsveldt 
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BEURSKENS, A. J. M. — Delft, Laan van Overvest 
48. (bg) (M.V.D.). 

CRIJNS, m.i., Ir. M. P. — Owerri, Nigeria, W. Afri- 
ca, c/o Shell/B.P. Petroleum Development Co 
of Nigeria Ltd. (m). (Tevens mutatie van (bg) 
naar (m). 

DOPPERT, geol. drs., J. W. Chr. — ’s-Gravenhage, 
Ruimzicht 114. (g). 

GROOTIJANS, m.i., I. W. H. — Kerk:rade, Kaalhei- 
dersteenweg 274. (m). 

JUNGERIUS, Dr. P. D. — Nsukka, Eastern Region, 
Nigeria, W. Africa, c/o The Agricultural Su- 
perintendent i/e. (bg). 

KALISVAART, geol. drs., F. — Houston 25, Texas, 
U.S.A., c/o Shell Development Co, 3737 Bel- 
laire Blvd. (g). 

KLOPMAN, geol. drs., G. — geoloog b.d. N.V. Phi- 
lips' Gloeilampen Fabrieken, H.I.G. Icoma, Afd. 
Keramiek, Eindhoven, Nicolaas Beetsstraat 38. 
(bg) (U.G.V.) (gk). 

LUMMEL, m.i., Ir. C. J. A. van — District of Dett., 
Southern Rhodesia, Africa, c/o Kamativi Tin 
Mines. (b). 

a drs., J. F. N. — Voorburg Oosteinde 

. (8). 

MEURS, A. P. H. van — Utrecht, Cath. van Rennes- 

laan 33. (bg) (U.G.V.). 
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OORTMAN GERLINGS, m.i., Ir. H. — Hoorn, Koe- 
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RAASVELDT, Dr. H. C. — Calgary, Alberta, Canada, 
320 — 7th Ave W, c/o Richfield Oil Corpo- 
ration. (g). 

STRUWE, Dr. H. — geoloog b.d. N.V. B.LP.M., 
Amsterdam, p/a Paulus Potterstraat 14. (g). 

VEEN, geol. drs., A. H. van der — Oosterbeek, van 
Spaenweg 15. (b) (gk). 
VERSPIJCK, G. W. — Leiden, Schelbenkade 3 A. 
(g). (Tevens mutatie van (bg) naar (g) ). 
VISSER, Dr. W. A. — Voorburg, Overburgkade 71. 
(8) (ek). 

WESTRA, geol. drs., R. H. — Bloemendaal, Kastan- 
jelaan 19. (g). 

ZWART, Dr. H. J. — Urbana, Illinois, U.S.A., Uni- 
versity of Illinois, Dept. of Geology. (g) (gk). 


Mutaties: 
ROSSUM, C. J. H. van — van (bg) naar (g), per 
1-1-1959. 


SCHILP, m.i., Ir. J. P. — van (m) (gk) naar (m). 


Correcties: 


JONGEN, J. — Brunssum, Heugerstraat 23. (m). Be- 
dankt per 1-1-1961 i.p.v. 1-1-1960. 

SCHÖNBERGER, geol. drs., H. J. M. — (g) i.p.v. (b). 

SPORRY, R. J. — Delft, Mauritslaan 78 i.p.v. Mau- 
ritsstraat. (bg) (M.V.D.). 


BESTUURSMEDEDELINGEN. 


STICHTING UNIVERSITAIR ASYLFONDS. 


Overeenkomstig het besluit van de Raad van Bestuur 
van het Genootschap, genomen in zijn vergadering van 
15 december 1956, zal, evenals voor de jaren 1957, 
1958 en 1959, ook voor 1960 een bedrag van f 2.000 
ter beschikking worden gesteld van de Stichting Uni- 
versitair Asylfonds, t.b.v. de studie in de mijnbouw- 
kunde van &en der in 1956 naar Nederland uitgewe- 
ken, Hongaarse studenten. 

Aan het herhaald verzoek van de Raad van Bestuur, 
dit initiatief te willen-steunen door het storten van een 
bijdrage, werd tot nog toe door slechts een gering aan- 
tal leden gehoor gegeven. 

De Raad van Bestuur moge hen die nog geen bij- 
drage overmaakten, nogmaals verzoeken dit alsnog te 
willen doen, opdat het Genootschap het Universitair 
Asylfonds zal kunnen blijven steunen, zolang dit t.b.v. 
de genoemde Hongaarse student nodig is. 

Bijdragen kunnen worden gestort op giro 40517 
t.n.v. de penningmeester van het Genootschap te 's- 
Gravenhage, onder vermelding van het doel. ; 

De secretaris: J. H. Beltman. 


DE VRIES ROBBE & CO 


GORINCHEM 


staalconstructies 


KABELWEG 50 AMSTERDAM-W.2 Seit s0 Jahren liefert 
MARTONAIR TEL. 020-1856 55* - TELEX 14389 | s N 
? Hüser & Weber: 


[7 


Sprockhövel i. Westf. 


Kappschuhe jeglicher Ärt. 
für den Türstockausbau 


"Touco-Kappschuhe" 
für den Sensenausbau 


Klammerlaschen 
für den Bogenausbau 


Streckenverbolzungen 


[Z/ 


Schienebefestigungen 
verschiedenster 


7 Ausführung, in der Praxis 
n bestens bewährt 
Ya ® Für die Silikosebekämp- 
fung: Düsen aller Ärt, 
/W/ Wasserreinigungsgeräte 
leiding-gevend in pneumatische 


Alleenvertegenwoordigers: 
Handels- en Ingenieursbureau FULGOR 
Postbox 1, Son/NBr. 


cilinders « schakel-apparaten + 
electro-ventielen + standstellers 


GOTEN VOOR WASSERIJEN 
ZEEFINSTALLATIES 
DROOGTROMMELS 
WENTELKOKERS 
WASMACHINES 


VOSSEN - HAANRAÄDE srooRsSTRAAT 30 - TEL. 04444-541 


Hoogspanningssleepkabel met speciale aardsluitbeveiliging 


7 
3 meer dan 50-jarige ervaring! 


Een halve eeuw vakmanschap, actieve research, 
toepassing van de nieuwste vindingen en een ver- 
antwoorde aanvaarding van de modernste produk- 
tiemethoden... een hechte basis voor het vertrou- 
wen en de goede naam die DRAKA overal geniet. 


Nederlands oudste kabelfabriek 


In I9IO als klein bedrijf begonnen, is DRAKA thans 
uitgegroeid tot een omvangrijke onderneming waar 
honderden werknemers wekelijks duizenden kilo- 
meters kabel maken. DRAKA is gaarne bereid ook 
u met alle kennis, die in de afgelopen halve eeuw 
werd vergaard, terzijde te staan. 


Li een Nederlands fabrikaat met wereldfaam 


Overal waar kabels van top-kwaliteit worden ver- 
eist - voor vele uiteenlopende doeleinden - is 
de naam DRAKA bekend, 


N.V. HOLLANDSCHE DRAAD- EN KABELFABRIEK AMSTERDAM 


DAL 


N. V. ELECTRO 


Zuur- en Waterstoffabriek — Vulstation 
Geleen - Kampstraat 46 — Tel. (04494)2130 


Zuurstof - Dissous - Carbid 


en alle materialen voor de 
autogene metaalbewerking 


er is een VT kabel 
"voor ieder doel 


gecomprimeerde lucht 


Met onze draaivrije schachthijska- 
bels, kabels voor kolenschrapers 
en kolenschaven zowel als met 
drillingslines worden uitstekende 
resultaten bereikt. 


Uw kabeltechnische problemen 
zullen wij gaarne in onderling over- 
leg trachten op te lossen. 


N.V. VEREENIGDE TOUWFABRIEKEN 
ROTTERDAM AMSTERDAM 


TRUETEMPER 


ROCKET” HAMMER 


ä f 24.50 franco 
in geheel Neder- 
land. 


Voorzien van stalen, onbreekbare steel en van P Ri E uU M A Tı E K 


speciale schokbrekende greep, welke bij vocht 
of zelfs bij gebruik van handschoenen volkomen vast in 


laenaı in minnoun on voor aesiosen | YNMALEN & HAUSMANN N. 


Verkrijgbaar bij o.a.: 


Carl Denig N.V. BUNNIK (UTR.) 


Weteringschans 113-115 - Amsterdam - tel. 34130 


Fa. Van Beek & Heijermans 
Kromme Nieuwe Gracht 90 - Utrecht - tel 22158 


Congratulations to 
-Billiton Maatschappij’ 


onthe occassion 
of their 


100th Anniversary! 


The above photograph shows a 
‘Arcon' Storage Building Series ° 
a structure similar to those sup 
plied to ‘Billiton Maatschappij' fc 
the Panda Hill Mine, Tanganyik: 
Using 'Arcon’ simplified construc 
tion, over thirty million square fee 


ee: / of buildings have been erected in the United Kingdom and in a hundre 
di ra 


countries overseas during the past ten years, and in many cases, furtheı 


B vr“ more, by labour having little knowledge of modern building technique: 


TAYLOR WOODROW (BUILDING EXPORTS) LTI 


41 WELBECKTSZTEREET SIR OTNIERSOEN W.1I. ENGLANI 


The sbonsor companies forming the Arcon Group are: IMPERIAL CHEMICAL INDUSTRIES LTD - STEWARTS AND LLOYDS LTD 
ASS THE UNITED STEEL COMPANIES LTD - THE CRITTALL MANUFACTURING CO, LTD - TAYLOR WOODROW (BUILDING EXPORTS) LTI 


426 uitvoeringsmogelijkheden. 
Uitvoerige katalogus zenden wij 
U gaarne vrijblijvend toe. 


RANGEER- 
INRICHTINGEN 


e.o.00 00 
EEE IN 


KESTERMANN ROERWERKSAANDRIJVINGEN 


e voorzien van een koelsysteem voor de pak- 
kingbus 

e met de mogelijkheid, om in zeer korte tijd en met 
eenvoudige handelingen het uitgaande toerental 
te veranderen 


e met insteek-roeras; eenvoudige montage, geen 
tanddrukken op de roeras, minimum slijtage aan 
de pakkingbus 

e met geringe bouwhoogte, ondanks een perfekte 
lagering (lagerafstand!) en het wegvallen van 
het steunlager in de tank 

e met gedwongen circulatie-smering en op af- 
stand zichtbare olie-omloop 


e met speciale eigenschappen (afdichting!) voor 


gebruik op ketels, waarin met hoge druk of va- 


kuum wordt gewerkt 

beperkt door haar speciale konstruktie de slij- 
tage aan de pakkingbus tot een hiermee voor 
het eerst bereikt minimum. 
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J. Minsbergen - Bennebroek 


tel. 02502-6341| en 6819 


Bennebroekerlaan | 


een greep uit 
_ons leveringsprogramma: 


compressoren 
blowers 

afsluiters 
stofafscheiders 
luchtfilters 
chemische apparatuur 
vacuum- chemie- en 


doseerpompen 


verwarmingsinstallaties 
ventilatie 


airconditioning 


GEVERKE.CO’s 


dieselmotoren 


TECHNISCH BUREAU N.V. interne transportwerktuigen 


grondverzet- en 


wegenbouwmachines 


AMSTERDAM, DE RUYTERKADE 113, TEL (020) 64571, POSTBUS 440 


serving the process industries for 


EIMCOo 


over half a century 


with 


Continuous Vacuum 
Filters 


Pressure Filters 


Dryers and 


Dewaterers 


etc. 


N\V.TECHNISCH BUREAU 
MaBynen “r-: 
DEN HAAG, Telefoon 18.46.40 


CONTROLEXACT; pneumatisch 
miniatuur PID regelaar, 15 x 15 x 33 
cm, conventionele schrijver-regelaars- 

CONTROLEXACT regelkleppen-niveau zender regelaars 
met torsiebuis doorvoering -klepstel- 
lers enz. 


SOCIETE DES FONDERIES 
DE PONT-A-MOUSSON 


Centrifugaal gegoten buizen, 


van gietijzer, s.g. gietijzer, 


staal u 
CROSBY; de enige veiligheidsklep 


05 met "two-ring"-control en volkomen 
vlakke zitting; balgafdichting en/of 


blinde zuiger mogelijk. 


Gelaste stalen buizen 


(Speciale legeringen o.a. met 


grote slijtbestendigheid voor 


het opvullen van mijngangen ) 
DAYSTROM-WESTON; meet-, 


regel- en registreer-apparatuur voor: 
druk-temperatuur-hoeveelheid-Ph-ge- 
leidbaarheid-toerental-voltage-ampera- 
WW, DAYSTROM ge- watt-millivolt - milliampere.span- 
Tn| WESTON ning-gewicht enz. 
Contactloos en continu meten en 
regelen van dikte, vorm, breedte enz. 
van alle materialen door middel van: 
Optische, Infrarode en X-stralen. 


COMPAGNIE DES TUBES 
DE NORMANDIE 


Naadloze stalen buizen 


Walserijprodukten 


UNITED ELECTRIC CONTROLS 
CO.; speciale "Flow" schakelaars, 
electrische temperatuur-, druk- en 
drukverschilschakelaars. 


Verkoopkantoor voor Nederland 


N.v. HITMA 


Jan Luykenstraat 3, Tel. 72 07 85 
Amsterdam-Z. 


bruggen 

kranen 

liften 
staalconstructies 
transportinstallaties 
machine- en 


vier generalies ervaring apparatenbouw 


kliko draaitrommel- 


vuilnisauto’s 
GEBROEDERS veegmachines 


KM L h N Br = ag en 1 EN G kolkenzuigers 


WORMERVEER (02980) 823 41* 


TYMOOR-installaties 


voor de 


zuivering van bedrüjfs- en 
ketelvoedingwater 


Speeiaal 
laboratorium 
voor 


wateronderzoek 


MNNLOCOMOTIEvENn % LuchtcomprEssors 


Naamloze ‘W. A. HOEK’s Postbus 78 
Vennootschap MACHINE- EN ZUURSTOFFABRIEK SCHIEDAM 


) 


metaalhandel 


N.V. WERF GUSTO v/h FIRMA A. F. SMULDERS 


SCHIEDAM 


TELEFOON ROTTERDAM 
69030 (4 L) 69420 (4 L) 


GELEEN 


TELEFOON 3345.3346 


SERVICEBEDRIJF VOOR 
DE MIJNEN 


SKIPVERVOER 


BOVENGRONDSE- 
KOLENVERWERKING 
WASSERWEN,SYSTEMEN STAMICARBON 
O.A. STAATSMIJNEN CYCLOON- EN 
DRIJFWASPROCEDE’S 
MECHANISCHE KOOLWINNING 


O.A. SCHRAPER- EN SCHAAFINSTAL- 
LATIES 


TRANSPORTINRICHTINGEN 


MULTISCHAAFINSTALLATIE 


Leveranties in: 
Nederland, Belgie, Frankrijk en Engeland 


II 


| 


Technisch hardverchromen met de 
nieuwste installatie. Vraag geheel vrij- 
blijvend inlichtingen. Onze nieuwe 
folder zenden wij U op aanvraag. 


- GALVANISCH BEDRIF 
EMMELOT 


GOUDA | 
IJSSELLAAN 40 
Tel. K 1820-2714 


ren 


OMSTEL KLEPKASTEN 


VOOR COKES OVENS 


N.V.MACHINEFABRIEK EN IJZERGIETERI) 
„HOLLAND - BERGEN OP ZOOM” 


Constructiewer 
Gietwerk 


iizergietwerk tot 
20 ton stukgewicht 


N.V. KONINKLIJKE NEDERLANDSCI 


GROFSMEDERI 


Zuidsingel 66 
Tel. K 1710-263 
Leiden ' 


OPGERICHT 1836 


Dit ziin de 
specifieke voordelen 
von Vredestein 


expansiestukken: 


Toepassing Vredestein expansiestukken in de Amercentrale 
te Geertruidenberg. 


op schepen, in 't bijzonder olietankers 
op zandzuigers 

in gasfabrieken 

in waterleidingbedrijven 

in electrische centrales 

in atoomcentrales 

(die te Chinon-Frankrijk) 

in rioolwaterzuiverings-installaties 


De mogelijkheden van Vredestein expansiestukken zijn praktisch 
onbeperkt: overal waar uitzetting of krimp in leidingen kan op- 
treden, waar trillingen of electrische stroom geisoleerd of waar 
montage-toleranties overbrugd moeten worden, zijn deze expan- 
siestukken de oplossing. 


® korte inbouwlengten ® corrosiebestendigheid 
® sliitvastheid ® desgewenst te leveren in syntheti- 
sche oliebestendige kwaliteit ® gering gewicht 
® elastische vervormingen mogelıjk voor elke in de 
praktijk voorkomende expansıe ® voorkomen van 


vermoeidheidsbreuken door de trillingsisolatie 
® rubberflens fungeert tevens als pakking ® te le- 
veren voor vacuum of druk. 


Ile nadere inlichtingen worden u gaarne verstrekt door N.V. Rubberfabriek Vredestein, 


aagweg 128, Loosduinen, tel. 32.38.60. 


DRILL BITS- 


The wide range of Craelius Bits gives the 
possibility of selecting the most suitable type 
and quality for any particular drilling problem 


"DIABOR 


DRUKKER & Zn. N.V. 


RINGDUJK 2 — AMSTERDAM — PHONE 50369 - 53068 


"DIAMONDS 


